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Abstract 
UBIQUITOUS COMPUTNG: SYSTEMIC TRANSFORMATION TO 21ST CENTURY 
TEACHING AND LEARNING 
 
Leah M. Christman 
Drexel University, May 2014 
Chairperson: Kenneth Mawritz 
 This mixed methods study explored the relationship between ubiquitous 
computing and the systemic transformation of a high school focused on 21st century 
teaching and learning. Previous research studies focused on the benefits of 1:1 laptop 
environments: however, many schools implemented ubiquitous computing without a 
systems approach. Many 1:1 laptop studies have focused on gains in student academic 
performance on standardized exams, a metric that some suggest is the wrong focus. This 
study was conducted at a suburban high school in eastern Pennsylvania with over one 
thousand students in grades nine through twelve and about 66 high school teachers. The 
study explored changes in teacher and student technology use, the relationship between 
teachers’ technology use and the acquisition of 21st century skills, and factors that 
influenced teachers’ decisions to plan lessons that integrate student-centered technology 
use in a ubiquitous computing environment. An investigation of 21st century skills, the 
need for school reform, and the value of ubiquitous computing to teaching and learning 
themes are shared. 
 In March 2012, the administration presented a plan to the School Board of 
Directors for a 1:1 laptop deployment. The presentation focused on the need for 21st 
century learning in order to prepare students for their future. Opposition from some 
stakeholders questioned the value of technology and the costs to the local taxpayers. 
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However, the School Board supported the proposal with an expectation that the 
administration would measure results to demonstrate the educational value of this 
expenditure. The district purchased the additional laptops and created a ubiquitous 
computing environment during the fall of 2012. In order to meet the expectation of the 
School Board, quantitative historical data collected through surveying teachers and 
students during the first year of implementation was analyzed. Historical walkthrough 
observation data was also analyzed to triangulate the data; comparing self reported 
technology use from the questionnaires to observed use. Personal interviews were 
conducted during the study, the second year of implementation. Interviews collected 
explanatory qualitative data, to better understand questions that emerge from the analysis 
of quantitative data, any perceived barriers to implementation of classroom instructional 
technology, and factors that contributed to teacher decisions for lesson planning designed 
to utilize technology for teaching and learning. Utilizing a pragmatic approach that 
explored the shared experiences of teachers for the phenomenon of ubiquitous 
computing, the results may inform others planning to use systemic approaches to 
transform schools to 21st century teaching and learning. 
 Keywords: 1:1, 21st century skills, computing, high school, school transformation, 
technology, ubiquitous computing 
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Chapter 1: Introduction 
Introduction 
When school districts expend significant amounts of money for resources that are vastly 
different from those used by the adult taxpayers when they were students, stakeholders may 
question the value of those expenditures.  This was the experience at a suburban high school 
located in eastern Pennsylvania when the administration proposed purchasing laptop computers 
for all high school students in the spring of 2012 (Rich, 2012). While some parents and 
community members fully supported the proposal, others questioned the educational benefit and 
costs. Citing a variety of newspaper or magazine articles, blog sites, web sites, and opinions, 
stakeholders made claims that technology would provide a distraction to learning and high 
school students would spend their valuable class time on social media, gaming, and shopping 
sites. Opposition cited examples of college professors banning laptops from their classrooms and 
the detriments of multitasking with technology (Parsons, 2012). Some worried that teachers 
would disengage from real teaching. “I don’t want to walk into a classroom... and see a bunch of 
students staring dead into their computer while the teacher sits at the front, said board member 
Bill Lycett” (Rich, 2012). Residents questioned the cost of the technology, especially during the 
economic recession, ongoing budget cuts, and staff reductions. Some indicated that parents did 
not want the responsibility of their children carrying laptops home, and expressed concern over 
monitoring appropriate use of the technology in the home.  
 Posted in blog comments of the Patch, (Rich, 2012) an online local newspaper sponsored 
by the Huffington Post, some citizens accused administrators of not providing conclusive 
evidence that past computer use yielded increased academic achievement, or evidence that 
teachers had actually integrated technology use into their teaching strategies. The 
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recommendation of Apple products over Windows-based operating system computers, such as 
DELL laptop computers, that could be purchased at perceived lower costs was debated (Parsons, 
2012). A few School Board Directors questioned what metrics existed to measure usage and 
educational gains on standardized tests and student grade point averages, along with the need for 
technology in schools.  According to Anne Shaw (2013),  
Schools in the 21st century will be laced with a project-based curriculum for life aimed at 
engaging students in addressing real-world problems, issues important to humanity, and 
questions that matter. This is a dramatic departure from the factory-model education of 
the past.  It is abandonment, finally, of textbook-driven, teacher-centered, paper and 
pencil schooling.  It means a new way of understanding the concept of “knowledge”, a 
new definition of the “educated person”.  A new way of designing and delivering the 
curriculum is required 
(http://www.21stcenturyschools.com/what_is_21st_century_education.htm).  
Thus, while educational and business leaders call for graduates who demonstrate 
expertise in 21st century skills (AMA, 2010, p.2), community members questioned change in 
school structures and expenditures for tools needed to create 21st century learning environments. 
(see Figure 1.1) 
 Despite these oppositions, administrators and teachers made the case for 21st century 
teaching and learning, the need to prepare students for a world infused with technology, and the 
benefits to providing a laptop computer to each student. The School Board approved the proposal 
and the school purchased the laptops (Rich, 2012). This began the journey toward establishing a 
ubiquitous computing environment and the need to measure the results. 
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20th Century Classrooms 21st Century Classrooms 
Time-based Outcome-based 
Focus:  memorization of discrete facts Focus:  what students Know, Can Do and Are Like 
after all the details are forgotten. 
Lessons focus on the lower level of Bloom’s 
Taxonomy – knowledge, comprehension, and 
application. 
Learning is designed on upper levels of Blooms’ – 
synthesis, analysis and evaluation (and include 
lower levels as curriculum is designed down from 
the top). 
Textbook-driven Research-driven 
Passive learning Active Learning 
Learners work in isolation – classroom within 4 
walls 
Learners work collaboratively with classmates and 
others around the world – the Global Classroom 
Teacher-centered:  teacher is center of attention 
and provider of information 
Student-centered:  teacher is facilitator/coach 
Little to no student freedom Great deal of student freedom 
“Discipline problems – educators do not trust 
students and vice versa.  No student motivation. 
No “discipline problems” – students and teaches 
have mutually respectful relationship as co-learners; 
students are highly motivated. 
Fragmented curriculum Integrated and Interdisciplinary curriculum 
Grades averaged Grades based on what was learned 
Low expectations High expectations – “If it isn’t good it isn’t 
done.”  We expect, and ensure, that all students 
succeed in learning at high levels.  Some may go 
higher – we get out of their way to let them do that. 
Teacher is judge.  No one else sees student 
work. 
Self, Peer and Other assessments.  Public audience, 
authentic assessments. 
Curriculum/School is irrelevant and 
meaningless to the students. 
Curriculum is connected to students’ interests, 
experiences, talents and the real world. 
Print is the primary vehicle of learning and 
assessment. 
Performances, projects and multiple forms of media 
are used for learning and assessment 
Diversity in students is ignored. Curriculum and instruction address student diversity 
Literacy is the 3 R’s – reading, writing and math Multiple literacies of the 21st century – aligned to 
living and working in a globalized new millennium 
- aural & visual literacy, financial literacy, 
ecoliteracy, media literacy, information literacy, 
cyberliteracy, emotional literacy, physical 
fitness/health, and global competencies. 
Factory model, based upon the needs of 
employers for the Industrial Age of the 19th 
century.  Scientific management. 
 21st century model 
Driven by the NCLB and standardized testing 
mania. 
 Driven by exploration, creativity and 21st century 
skills 
Figure 1.1: A Comparison of 20th Century and 21st Century Classrooms.  
Reproduced with permission from Anne Shaw, Founder and Director, 21st Century Schools, 
www.21stCenturySchools.com. 
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There is no doubt that the United States has invested billions of dollars in educational 
technology. Since 2002, Maine has invested over $78 million in technology to support their 1:1 
initiatives. Michigan spent more than $30 million in 2006, South Dakota more than $13 million 
the same year, and Pennsylvania devoted $200 million through the Classrooms for the Future 
program to provide laptops to every high school student beginning in 2006. The list of states 
expending millions in educational technology goes on (Lei & Zhao, 2008). Local school districts 
that have adopted 1:1 laptop initiatives with the infrastructure, support, and professional 
development are too numerous to identify. Yet, very little research exists to demonstrate the 
undeniable benefit that technology brings to student learning, long-term savings, or improved 
efficiencies (Cavanaugh, Dawson, & Ritzhaupt, 2011; Silvernail, et al., 2011). The school that 
was the focus of this study was no different. Over five million of taxpayer dollars had been 
invested on educational technology related hardware, software, infrastructure, peripherals, and 
personnel between 2007-2013 (A. Scherzberg, personal communication, July 12, 2013), yet data 
that showed positive academic results of that investment were lacking. Required professional 
development with allocations of additional time and funding had occurred, yet some teachers 
continued to rely on traditional teaching strategies rather than embracing technology as a 
powerful learning tool in their classrooms. This project aimed to provide answers to the question 
of value and sought solutions to enhance meaningful technology integration at the school. As the 
school engaged in a systemic transformation to 21st century teaching and learning, technology 
should have played an integral role. The analysis of data should provide needed information to 
guide future decisions and provide direction for additional expenditures and professional 
development in order to meet the needs of students entering a creative global economy.  
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While others have studied 1:1 computing, the results are mixed. A common focus of 
studies has been to measure the effect of technology on student performance on state 
standardized exam. Results have been disappointing with most showing insignificant 
improvement in scores (Rockman, 2003; Lowther, Ross, & Morrison, 2003; Sivernail, & Lane, 
2004; Silvernail, et al., 20011). Conversely, evidence on the benefits to technology include 
improved writing skills, (Jeroski, 2003; Lowther, et al., 2003; Mousa, 2008; Penuel, 2006; 
Silvernail, et al., 2011; Zucker, 2009) increased student engagement and motivation in school, 
increased attendance and graduation rates, and decreased discipline (Hedberg, 2101; Jing & 
Zhao, 2008; Meyers & Brandt, 2010; Oliver & Corn, 2008). Over time, professional 
development needed for teachers has surfaced as an on-going need (An & Reigeluth, 2012; 
Harris & Hofer, 2011; Harris, Mishra, & Koehler, 2009; Koehler & Mishra, 2005; Koehler & 
Mishra, 2009; Nelson, Christopher, & Mims, 2009; Pope, Beal, Long & McCammon, 2011), and 
a systemic approach to implementation a critical factor to success (Boardman, 2012; Bryk, 2010; 
Keengwe & Schnellert, 2012; Weston & Bain, 2010; Wirt, 2012). Technology use has begun to 
change from that of substitution and augmentation to modification and redefinition of learning 
(see Figure 2.7, Puentedura, 2013) as researchers have proposed models to stretch educators’ 
thinking and use of technology. Still, some teachers resist the use of our digital natives’ tools of 
choice (Prensky, 2001), prompting researchers to explore teacher belief and philosophy of 
teaching and learning (Kim, Kim, Lee, Spector, & DeMeester, 2013). 
Statement of the Problem 
 The problem this study addressed was the lack of evidence to demonstrate the value of 
ubiquitous computing in the systemic transformation of a high school focused on 21st century 
teaching and learning. While studies and results at other schools throughout the nation may exist, 
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the results are mixed, and in some cases the demographics are very different from those at the 
school studied. Local stakeholders were interested in local results and to better understand the 
value of ubiquitous computing, local data was collected and analyzed.  
Purpose and Significance of the Problem 
The purpose of this research study was to explore the value of ubiquitous computing in 
the systemic transformation of a high school to embrace 21st century teaching and learning. To 
fulfill this purpose, a mixed method study analyzed historical student and teacher survey data 
from a suburban high school in eastern Pennsylvania, followed by explanatory interviews. Data 
collected from classroom walkthrough observations was used to triangulate the survey data.  
By exploring the value of ubiquitous computing, the research results may  
• influence future decisions made by the Board of Directors at the school; 
• provide continued stakeholder support for technology related expenditures;  
• provide administrators with the data needed to expect appropriate technology 
integration by teachers;  
• help teachers understand the importance of developing student-centered 
instructional strategies that support the research on the value of technology to 
today’s learners;  
• inform advanced approaches to ubiquitous computing as a means of teaching and 
learning, and 
• sustain a focus on 21st century teaching and learning. 
Additionally, the results may provide information to help plan future professional 
development and identify factors that may help improve the process of meaningful student-
centered activities that utilize technology to transform our schools. The results will add to the 
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body of research on the value of educational technology and its influence on the acquisition 
of 21st century skills.   
Research Questions 
 The primary research question of this study was: 
What is the relationship between ubiquitous computing and the systemic transformation 
of a high school focused on 21st century teaching and learning? 
Sub-questions included: 
1.  To what extent does teacher and student technology use change with the 
implementation of ubiquitous computing?  
2.  What is the relationship between teachers’ technology use in a ubiquitous computing 
environment and the acquisition of 21st century skills? 
3. When first-order barriers to implementation of classroom instructional technology are 
removed, what additional factors contribute to teacher decisions to utilize technology 
as a student-centered learning tool? 
Conceptual Framework 
 The researcher’s stance on philosophical approach to research is pragmatic, believing that 
reality is grounded in solutions to problems and what works in any given situation. Each 
situation is viewed differently according to the reality of those who experience it. As such, data 
collection should be relevant to the situation and the individuals involved in the phenomenon in 
order to gather needed information to answer the research question(s). The researcher seeks 
viable solutions to educational problems and strives for continuous improvement. In this study, 
the researcher sought the answers needed to demonstrate the value of ubiquitous computing to 
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teaching and learning in order to continue to provide quality education that prepares students for 
the demands of the 21st century.  
  There are three streams to the research study (see Figure 1.2). These included an 
overview of 21st century skills and the need for change, how a systems approach to high school 
transformation influences successful change, and how the creation of a ubiquitous computing 
environment influences that change and affects teaching and learning. An attempt to discover the 
influences to successful change processes, implementation of classroom technology for second-
order changes to teaching and learning strategies, and ultimately the value of these processes to 
stakeholders was explored.  
Definition of Terms 
21st Century Skills: essential skills that our children need to succeed as citizens and 
workers in the 21st century. According to the Partnership for 21st Century Skills 
(2012), the following are included:   
• Core Subjects- The No Child Left Behind Act of 2001, which reauthorized 
the Elementary and Secondary Education Act of 1965, identifies the core 
subjects as English, reading or language arts; mathematics; science; foreign 
languages; civics; government; economics; arts; history; and geography.  
• 21st Century Content- Several significant, emerging content areas are 
critical to success in communities and workplaces. These content areas are  
       critical for inclusion in schools today:  
o Global awareness 
o Financial, economic, business and entrepreneurial literacy 
o Civic literacy 
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o Health and wellness awareness 
o Environmental literacy 
 
 
Figure 1.2: Conceptual Framework 
• Learning and Thinking Skills- As much as students need to learn academic 
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content, they also need to know how to keep learning — and make effective 
and innovative use of what they know — throughout their lives. Learning and 
Thinking Skills are comprised of:  
o Critical Thinking and Problem Solving Skills 
o Communication Skills 
o Creativity and Innovation Skills 
o Collaboration Skills 
o Information and Media Literacy Skills 
o Contextual Learning Skills 
• Life Skills- Life skills include:  
o Leadership 
o Ethics  
o Accountability 
o Adaptability 
o Personal Productivity 
o Personal Responsibility 
o People Skills 
o Self Direction 
o Social Responsibility  
• ICT Literacy- Information and communications technology (ICT) literacy is 
the ability to use technology to develop 21st century content knowledge and 
skills in support of 21st century teaching and learning.  
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Career and College Ready Graduate: Students who possess “the content knowledge 
and skills … including, but not limited to, reading, writing communications, teamwork, 
critical thinking, and problem solving—to be successful in any and all future 
endeavors…. the knowledge, habits, and skills that can only come from a rigorous, rich, 
and well-rounded high school curriculum” (Future Ready Project, What Does College- 
and Career-Ready Really Mean? paras1-2, 2012).  
Common Core Standards- a set of educational standards adopted by 45 US states 
“...designed to be robust and relevant to the real world, reflecting the knowledge and 
skills that our young people need for success in college and careers...” (Mission 
Statement, www.commoncore.org, 2012). 
First-order Change: “First-order changes ‘adjust’ current practice, in an incremental 
fashion, making it more effective or efficient, while leaving underlying beliefs 
unchallenged (for example, using the computer, rather than a worksheet, for basic skills 
review)” (Ertmer, 1999, p. 48).  
First-order Barriers-  “… first order-barriers to technology integration are described as 
being extrinsic to teachers and include lack of access to computers and software, 
insufficient time to plan instruction, and inadequate technical and administrative support” 
(Ertmer, 1999, p. 48). 
Flipped Classroom- “Flipped Learning occurs when direct instruction is moved from the 
group teaching space to the individual learning environment. Class time is then used for 
higher order, active problem solving by students and one-to-one or small 
group interactions with the teacher” (http://flippedlearning.org). 
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Leapfrogging- a concept of skipping inferior, less efficient strategies to move directly to 
more innovative, advanced, or successful models. “...to improve a position by going past 
others quickly or by missing some stages of an activity or process”.  
(http://dictionary.cambridge.org/dictionary/business-english/leapfrog. Cambridge 
Business English Dictionary © Cambridge University Press) 
One-to-one or 1:1 Computing: A learning environment that provides each student with 
a mobile technology device such as a laptop computer. “1:1 computing refers to the level 
at which access to technology is available to students and teachers; by definition, it says 
nothing about actual educational practices” (Bebell & O’Dwyer, 2010). 
Second-order Change: “… second-order changes confront fundamental beliefs about 
current practice, thus leading to new goals, structures, or roles (for example, 
electronically conversing with an author to explore the cultural and political context of a 
story rather than writing a book report summary)” (Ertmer, 1999, p. 48). 
Secord-order Barriers: “… second-order barriers are intrinsic to teachers and include 
beliefs about teaching, believes about computers, established classroom practices, and 
unwillingness to change” (Ertmer, 1999, p. 48).  
Transformational Change: “... a way to break the patterns of the past and tune into our 
highest future possibility- and to begin to operate from that place.... change that will 
allow leaders ... to meet their existing challenges” (Scharmer, 2009, p. 5). 
Ubiquitous Computing: “…Learning environments in which all students have access to 
a variety of digital devices and services, including computers connected to the Internet 
and mobile computing devices, whenever and wherever they need them. … ubiquitous 
computing includes the idea that both teachers and students are active participants in the 
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learning process, who critically analyze information, create new knowledge in a variety 
of ways (both collaboratively and individually), communicate what they have learned, 
and choose which tools are appropriate for a particular task” (Our Definition, 
www.RCET.org, para. 5, 2006). 
Assumptions, Limitations, and Delimitations 
 Assumptions 
 In selecting this topic for further study, the researcher assumed that the creation of a 
ubiquitous computing environment would significantly influence the transformation to 21st 
century teaching and learning. However, the reality of each teacher’s skill set, knowledge base, 
attitudes, belief, and pedagogy would play a role in this transformation. The researcher 
recognizes that technology brings new challenges to the classroom and that plans should be made 
to eliminate barriers and address problems as they arise. The researcher places value on 
technology as a powerful learning and working tool, on student-centered hands-on authentic 
learning, yet recognizes that not all stakeholders share those same values.  The study focused on 
objective data to avoid subjectivity and judgment of others. The change process often brings 
feelings of distress for some individuals, and plans to address this, engage stakeholders in 
decision-making, and maintain positive relationships with all stakeholders was critical to 
success. It is important for the administrative team to continue to make the case for change, and 
to utilize proven models for systemic change in order to transform the school. 
 Limitations 
 Several factors may have contributed to some limitations in the analysis of results from 
the study. The transition from Pennsylvania System of School Assessment (PSSA) exams 
traditionally given in grade eleven for math, science, writing, and reading scores to Keystone –
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end-of-course exams for Algebra I, Biology and Literature created inconsistency in standardized 
exam score comparisons. The high school undertook multiple changes simultaneously and 
consequently the data represented the influence of those collective changes rather than the 
ubiquitous computing environment in isolation. For example, the bell schedule changed in the 
second year of the 1:1 implementation from a traditional forty-minute, eight period day to an 
alternate A/B modified block schedule with four, eighty-minute classes each day and a forty 
minute block that allowed for a variety of activities each day. These activities provided time for 
student remediation and enrichment, and common planning or professional development time for 
teachers. Interdisciplinary, curricular changes occurred at the same time that specifically linked 
social studies and English curriculum and others changes that linked STEM (Science, 
Technology, Engineering and Math) curriculum areas impacted content areas. Teachers received 
professional development related to student-centered problem and inquiry-based learning, the PA 
Core Standards, the SAMR (Substitution, Augmentation, Modification, Redefinition) model 
(Puentedura, 2006) for technology integration, teaching in the longer block periods, Response to 
Instruction and Intervention strategies (RtII), and Reading Apprenticeship strategies (RA).  
 Due to budgetary restraints, expensive professional development opportunities for 
teachers had become more limited, so the school depended on more internal “experts” to share 
their expertise with their colleagues. One can dispute the reliability of data collected from 
individuals based on their perception of their own technology skills. In many cases, individuals 
eventually admit over-rating their skills in baseline data because they simply do not know what 
they do not know. As we attain more knowledge and more skills in the classroom are developed, 
individuals may come to realize how much they credited themselves erroneously in early 
surveys. This phenomenon may have occurred in this study. Lastly, since teacher volunteers for 
 15 
face-to-face interviews were accepted on a first-come, first-served basis, it is possible that those 
most comfortable with teaching and learning in a ubiquitous computing environment were first 
to volunteer. 
Since this project involved the study of the impact of laptop computers in a new 
deployment to create a ubiquitous environment, it was important to consider the variables to 
success. The district considered many deployment logistics. Teacher professional development; 
the creation of procedures and policies; determining techniques for the practical management of 
the technology including the network, wireless capabilities, information management and 
storage, power and battery life, all needed to be considered and recognized as playing a critical 
role in the success of the project. Teachers and administrators collaborated to find solutions to 
the many challenges encountered and participated equally in decision-making to ensure success. 
The high school formed sub-committees of high school teachers who created plans to identify 
appropriate computer use for learning, data management, logistics of deployment, 
communication, and assessment of both students and the project. The culture and attitudes of the 
school stakeholders were monitored and evaluated over time.  Administrative support, especially 
to encourage risk-taking to create new teaching strategies and structures needed for ubiquitous 
computing was also monitored. A plan to identify goals and methods to measure the attainment 
of those goals was the focus of a committee of stakeholders that included teachers and 
administrators. That plan included further steps to utilize results for continued improvement. 
Delimitations 
While the change in state assessments created a limitation, the choice to not consider 
these assessment scores represented a delimitation for this study.  The school began developing 
new Student Learning Objectives during 2014; locally defined content specific assessment 
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instruments required by the Pennsylvania Department of Education as part of the new Educator 
Effectiveness Program, a new state mandated teacher evaluation model. Consequently, mid-term 
and final exams may have changed during the study. As such, these were not used as measures of 
comparison for student growth. Additionally, the choices the researcher made regarding 
methodology represented delimitations. These included the design of the study; the population 
and site studied; the specific sample of teachers chosen to interview; and the timeframe. 
Summary 
 Over time, many have and continue to question the value of ubiquitous computing in 
schools. Chapter 1 has framed the experience at a high school that was the focus of this study 
where some stakeholders questioned the value and expense for the implementation of a 1:1 
laptop program. While it is true that early research results have been conflicting and have failed 
to demonstrate improved academic performance in traditional measures such as standardized 
exam scores, some researchers question the value of exam scores as a relevant measure of 
technology for 21st century teaching and learning. Conversely, research has shown benefits to 
student engagement, motivation, writing, 21st Century Skills, and positive transformative change 
in some schools. The problem this study addressed was the lack of evidence that demonstrated 
the value of ubiquitous computing in the systemic transformation of a high school focused on 
21st century teaching and learning. This study focused on assessing that value in a holistic, 
systemic approach, considering the many factors that contribute to teaching and learning 
including the use of technology in a ubiquitous computing environment focused on 21st century 
skills. Chapter 2 presents a more comprehensive review of the literature in order to review that 
which has been shown along with gaps in the research, and sets forth expectations for this study. 
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Chapter 2: Literature Review 
Introduction of the Problem 
 For over a decade, schools, and in several cases entire states, have adopted ubiquitous or 
1:1 computing environments by providing laptop computers to every teacher and student 
(Cavanaugh, et al., 2011; Jing & Zhao, 2008; Lowther, Inan, Ross & Strahl, 2012; Lu & 
Overbaugh, 2009; Walker, John, & Silvernail, 2012; Silvernail et al., 2011). Technology 
continues to influence the global economy and flatten our world (Freidman, 2011). Business 
leaders continue to call for higher academic standards and the development of 21st century skills 
in their future employees, while schools struggle to change from Industrial Aged learning and 
structure to institutions that customize learning and prepare students for their future (Schwahn & 
McGarvey, 2011). The future requires workers to be skilled in the use of technology as a 
powerful tool, yet some stakeholders question the value of technology as one that is expensive 
and has not provided undeniable improved student achievement as measured by standardized 
tests (Cuban, 2006; Parsons, 2012). 
 The school district that was the focus of this study began a journey toward the 
implementation of a ubiquitous computing environment in August 2007 when all teachers 
received MacBook Pro laptop computer for 24/7 use. At that time, the administration gave a two 
and one-half hour presentation to the School Board of Directors demonstrating the need to shift 
our schools to 21st century learning environs. Members of the Board debated the 
recommendation for Mac laptops but administrators made the case for Apple over Windows. 
Apple’s focus on education, professional development, retained value of laptops over time, and 
primarily, ease of use and integrated software was the attraction. School leaders felt that 
technology should enhance teaching and learning. Teachers and students learning to use the 
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technology should not be the obstacle to its use, as had been the experience with Windows-based 
applications that were often time-consuming and frustrating to users due to incompatibility of 
software programs and continuous computer viruses that interfered with use.  The Board 
approved the proposal. Over the next five years, laptop access for students at the school 
increased to exceed a ratio of one laptop for every two students. The Pennsylvania Department of 
Education, through a Classrooms for the Future grant financed much of the original student 
hardware and peripherals at the high school. Like other states, Pennsylvania approved funding 
for school districts to transform education through technology in order to promote 21st century 
teaching and learning.  
 According to the PA Department of Education’s web site: 
Governor Rendell understands that today’s high school students are tomorrow’s 
innovators, inventors and entrepreneurs and Pennsylvania must wisely invest in 
programs that will inspire young Pennsylvanians to excel beyond high school. In 
order to be ready for post secondary education and careers in the 21st century 
global economy, high school graduates need to be highly skilled, better prepared 
and more innovative than ever before. Governor Rendell’s high school reform 
agenda is a comprehensive strategy for developing the workforce and citizenry of 
tomorrow. Classrooms for the Future, [is] based on the need for high school 
reform, enabling teachers to use technology as an effective tool for educating 
students, and preparing students to enter and successfully compete in the ever- 
expanding high-tech global marketplace. (High School Reform, para. 1, 2007) 
 The Pennsylvania Department of Education granted funding to high schools to provide 
for infrastructure, laptop computers and carts, teacher and administrator professional 
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development, peripherals, interactive whiteboards, and salaries for technology coaches. The high 
school that was the focus of this study received funding beginning in 2007-08 that supplemented 
the district budget in order to create smart classrooms equipped with wireless laptops, LCD 
projectors, printers, digital cameras, and interactive whiteboards.  Since then, the district turned 
every high school classroom into a smart classroom, continued funding the technology coach, 
updated the infrastructure to provide a wireless access point in every classroom, and maintained 
technology support and continued professional development. In spring of 2012, CFF student 
laptops were approaching the end of their four-year warranty. The administration believed this 
was the perfect time to expand laptop access to a 1:1 ratio, requiring the purchase of an 
additional 500 laptops. The school leaders had discussed and explored ubiquitous computing 
school environments during the previous five-year period. This included an Apple-sponsored 
networking retreat with administrators, School Board members, and other school leaders 
experienced in 1:1 computing. The administration determined that by expanding district laptop 
inventory by the additional computers and entering into a lease-to-buy agreement with Apple to 
create a ubiquitous computing environment, the high school would finally be poised for 21st 
century teaching and learning. The administration once again made the case for 21st century 
teaching and learning and the laptop purchase to the Board of Directors. The proposal, which 
would refresh all student laptops in the District and add the additional 500 to the high school, 
represented a $200,000 savings each year over the technology budget forecasted for the 
subsequent five years. It also created the potential for additional savings as the high school 
moved to digital textbooks and a paperless environment. While stakeholders opposing ubiquitous 
computing cited blog sites, newspaper, and magazine articles that question the value of laptop 
computers in schools (Parsons, 2012), an overview of historical scholarly research on ubiquitous 
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computing shows value along with some conflicting results. Ubiquitous computing: 
• Altered classroom interactions, fostered a sense of autonomy and ownership in learning, 
created a student-centered environment that facilitated the development of motivation and 
academic engagement (Light, McDermott, & Honey, 2001); 
• Increased comfort level with a range of software applications and the ability to apply 
technology to access, manipulate, and organize information (Rockman, 2003); 
• Improved student writing skills and fostered increased confidence and self-efficacy 
(Penuel, 2006); 
• Increased student motivation and persistence in schoolwork, increased interactions with 
peers and teachers, fostered confidence in academic ability, academic gains in writing 
and mathematics (Mouza, 2008); and 
• Met or exceeded grade level writing performance standards and rose from 70% to 92% 
from Fall ‘02 to Spring ’03 (Jeroski, 2003). 
 In Maine- 85% teachers said 1:1 helped them access more up-to-date information and 
explore content in greater depth and 70% of students agreed or strongly agreed that laptops had 
made school more interesting, and improved the quality of their work (Silvernail & Lane, 2004). 
In Missouri- through the eMINTS program- use of laptops consistently attained higher rates of 
proficiency or advanced levels in grades 3-6 in communication arts and mathematics, with 
significant results at the .01 level in most comparisons (Martin, Strother, Weatherholt, & 
Dechaume, 2008). From a study at a mid-western United States high school laptop initiative 
(Keengwe, Schnellert, & Mills, 2011), student perceptions regarding the use of laptops revealed: 
• 92.5% agreed or strongly agreed that laptops make school work easier, 
• 85% agreed or strongly agreed that the quality of their work improved with laptop 
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use, 
• 79.5% agreed or strongly agreed that what they are learning in school is helping 
them prepare for their future, 
• 70% agreed or strongly agreed that they do more homework outside of school 
with laptops, and  
• 63% agreed or strongly agreed that they were more motivated to do school work.  
The same study illustrated faculty perceptions of student performance with laptops: 
• 60% felt students were more prepared for class, 
• 80% saw higher motivation in students with laptop use, 
• 90% felt there was greater student engagement and interest, 
• 70% felt students demonstrated a greater ability to work independently, 
• 60% thought the quality of student work improved, and  
• 50% saw a greater interaction between students and teachers. 
Additionally, a middle school study showed significant gains in writing and problem-
solving tasks (Lowther, Ross & Morrison, 2003). Russell, Bebell, and Higgins (2004) showed a 
positive impact on student engagement and motivation; Fairman (2004) and Nicol and MacLeod 
(2004) showed shifts to more student-centered and inquiry-based learning; and Barrios (2004) 
claimed educationally significant gains on Virginia’s state assessment tests.   
Conversely, other studies including the Maine and Florida laptop projects did not result in 
significant gains in their state standardized exams (Cavanaugh, Dawson, & Ritzhaupt, 2011; 
Silvernail et al., 2011).  Regarding Maine’s laptop initiative, a Research Brief prepared by Maine 
Education Policy Research Institute at the University of Southern Maine (2007) argued, 
“However, overall performance on the 8th grade Maine Education Assessments (MEAs) has not 
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changed appreciably since the inception of the laptop program”. Rockman (2003), claimed 
higher student achievement of 21st century skills- the ability to learn independently, collaborate 
with peers to accomplish work and communicate the conclusions of their work, and noted that 
these goals imply higher-level thinking skills.  Standardized tests may not necessarily or 
adequately measure these skills, which college and career ready graduates require for success in 
today’s world.  
While some community and school board members questioned the proposal, the Board of 
Directors ultimately approved the plan. With this approval came a request by Board members for 
further study on the benefits of laptop computers to teaching, learning, and local taxpayers. This 
study fulfilled that request. Chapter 2 provides a review of current literature that addresses the 
conceptual framework of this project, focused on three major streams (see Figure 2.1).  
Conceptual Framework 
 
 This project focused around the following streams: 
 
• Twenty-first century skills and the need to transform schools; 
• A systems approach to technology integration and school change; and 
• A 1:1 ubiquitous computing environment impact on student learning. 
 Due to economically challenging times, public education is a focus of the media, political 
and economic debates, and has experienced local scrutiny. As national economic downturn 
brought chaos to many citizens’ financial stability, some taxpayers question every dollar spent by 
their local schools.  Yet, in a time when technology is more important to student’s career 
success, and to the creative global economy, schools struggle to justify the expense.  
 In Catching Up or Leading the Way (2009), Yong Zhao notes: 
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To make schools more relevant and to develop digital competencies, schools must 
and can take a number of actions to change their mindset, policy, and practices 
around technology. We should acknowledge that technology is not only a tool for 
the teacher to use to raise test scores, but also an important tool for students to 
develop digital competencies, to be creative in art and music, to develop social 
skills in virtual worlds, and to stay engaged with schools. Thus our decisions to 
invest in technology should be based on more than its effectiveness in improving 
academic achievement (p. 196). 
He goes on to quote from Born Digital, a book from the Harvard Digital Citizenship project 
team: 
Make no mistake: We are at a crossroads. There are two possible paths before us- 
one in which we destroy that which is great about the Internet 
and how young people use it, and one in which we make smart choices and head 
toward a bright future in a digital age. The stakes of our actions today are very 
high. The choices that we are making now will govern how our children and 
grandchildren live their lives in many important ways: how they shape their 
identities, protect their privacy, and keep themselves safe; how they create, 
understand, and shape the information that underlies the decision-making of their 
generation: and how they learn, innovate, and take responsibility as citizens. On 
one of these paths, we seek to constrain their creativity, self-expression, and 
innovation in public and private spheres; on the other, we embrace these things 
while minimizing the dangers that come with a new era (Palfrey & Gasser, 2008, 
p.7) (2009, p. 197). 
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What is the relationship between a systems approach to implementation of a 1:1 ubiquitous 
computing environment and the transformation of a high school focused on 21st century 
teaching and learning? 
 
Figure 2.1. Conceptual framework with research streams 
Stream #1 
21st Century Skills: 
Core Subjects- 3R's & 
21st Century Themes 
Learning and Innovaton 
Skills- 4C's 
Infomation, Media & 
Technology Skills 
Life and Career Skills 
Researchers include: 
Yong Zhao, University of 
Oregon 
Charles Schwahn 
Rob Mancabelli, 
BrightBytes 
Michael Fullan 
Douglas Reeves 
Dan Pink 
Thomas Friedman 
Steven Paine & 
Partnership for 21st 
Century Skills 
Stream #2 
Systems Approach: 
Vision 
Leadership 
Professional 
Development, PLC's  
& Pedagogy 
Technology 
Infrastructure & 
Support 
Community Support /
PR 
Curriculum 
integration and 
Assessment 
Researchers include: 
Peter Senge 
Project Red Team- 
Gielnick, Greaves, 
Hayes, & Wilson 
John Kotter 
Stephen Covey 
Stream #3 
1:1 Computing: 
Project Red- Gielnick, 
Greaves, Hayes, & Wilson 
Clarity / BrightBytes 
TPCK -Mishra & Koehler 
SAMR- Puentedeura 
Perceived Barriers to 
Implementation 
Teacher Pedogogy and 
Beliefs 
Benefit versus Cost /ROI 
Researchers include: 
Peggy Ertmer, Purdue 
University 
Project Red Team- 
Gielnick, Greaves, Hayes, 
& Wilson 
Fethi Inan, Texas Tech 
University 
Jared Keengwe, University 
of N. Dakota 
Deborah Lowther, Arizona 
State University 
David Silvernail, 
University of Southern 
Maine 
Andrew Zucker, Concord 
Consortium 
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This project examined the conflicts and challenges surrounding the multiple issues 
involved in this new age of education (see Figure 2.2) and proposed strategies for schools to 
follow in implementing successful ubiquitous learning environments in order to transform 
schools to promote 21st century skills. As schools have implemented ubiquitous computing and 
more research has emerged so too have new issues. Research studies now point to the importance 
of a systemic implementation model to ensure success (Blattner, 2012; Boardman, 2012; 
Brodzik, 2012; Greaves, Hayes, Wilson, Gielniak, & Peterson, 2012; Mancabelli & Richardson, 
2011; Sauers, 2012; Senge, 2008).  
Yuan-Hsuan, Waxman, Jiun-Yu, Michko, & Lin (2013) compiled a meta-analysis of 58 
quantitative experimental and quasi-experimental studies, reviewed 15 years of research and 
provided a summary of the impact of technology to cognitive and affective teaching and 
learning. Results showed that current studies indicate greater value to using computers than 
earlier reports. Authors speculate that time to improve implementation models along with 
advances in technology may be creating positive results. Results show that the following yield 
better results on student learning: small group work; constructivist strategies where teachers are 
facilitators of learning; technology used to support learning; and student-centered, project-based 
strategies. For affective gains, challenging activities, instructional conversations, and joint 
collaboration and productivity showed the greatest gains. The authors recommend additional 
research on effective classroom strategies, professional development for pre- and in-service 
teachers, and studies that share results of best practices among peers. Determining teaching 
strategies that yield the highest effect size for learning with technology is important to 
demonstrating value for ubiquitous computing.  
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 Questions surrounding second-order change and second-order barriers to change have 
resurfaced as first-order change has become more commonplace among teachers and first-order 
barriers have been eliminated in many schools implementing technology through a systems 
approach (Kim, et al. 2013; Lu & Overbaugh, 2009). Models of integration including TPACK 
(Mishra & Koehler, 2005) and SAMR (Puentedura, 2006) are getting more attention from 
educators, and researchers are developing new programs like Clarity ® (Appendix B & C) 
through Bright Bytes, with digital dashboards for schools to monitor growth and aid decision 
making. Some schools are realizing the value of listening to and learning from their students, the 
digital natives, as they move toward school improvement (Stefl-Mabry, Radlick, & Doane, 
2010).  At the same time, researchers shift attention from frequency of technology use to quality 
of technology use in the classroom (Derringer, 2010; Moeller & Reitzes, 2011; Weston & Bain, 
2010). However, one critical question that still needs to be answered is why some teachers still 
practice teacher-centered strategies without the use of technology even after all conditions to 
remove traditionally identified barriers have been met. As the literature was reviewed and data 
was analyzed, an attempt was made to surface answers to this very important question. Until we 
more fully understand this and other phenomena associated with the return on investment of 
technology, stakeholders may continue to question its value of use in our schools. 
Concept Map 
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Figure 2.2. Concept map showing complexity of issues 
Literature Review 
 With the focus on No Child Left Behind (NCLB) legislation and a political push to raise 
national standardized test achievement in order to compete with other countries that show higher 
test scores than those of American students (Obama, 2012), stakeholders are bombarded with 
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media coverage emphasizing the importance of these exams. At the same time, business leaders 
claim that graduates lack the skills workers need for companies to compete globally. According 
to a survey conducted by the American Management Association (2010): 
As the U.S. economy begins to show signs of improvement, executives say they 
need a workforce fully equipped with skills beyond the basics of reading, writing, 
and arithmetic (the Three Rs) in order to grow their businesses. Skills such as 
critical thinking, communication, collaboration, and creativity (the Four Cs) will 
become even more important to organizations in the future. (p. 2) 
 It is no wonder that stakeholders question that which is most important, and the new 
resources schools need to prepare students for our future. A review of the three research streams 
establishes a foundation to understanding the purpose and scope of this project.  
21st Century Skills and the Need to Transform Schools  
 Thomas Friedman (2005), in The World Is Flat: A Brief History of the Twenty-first 
Century captured the attention of our nation as he eloquently described a new global society and 
how the changes brought about by technology will continue to impact how we need to learn, 
work, and play together to thrive in the future. Dan Pink (2005), explained in A Whole New Mind 
– why right brainers will rule the future, how automation, abundance, and Asia will continue to 
change the world as we know it. He proposed that creativity and innovation in design would be 
the skills needed for success in the 21st century. Despite globalization, American public school 
has maintained much of its Industrial Age practices.  In an effort to remain globally competitive, 
elected officials have demanded higher standards for schools and have created legislation to 
measure achievement through standardized tests, rather than advocating measures for 21st 
century skills (Hennessy, Ruthven, & Brindley, 2005). 
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Heidi Hayes Jacobs (2010) wonders, “As [students] cross the threshold [of school], do 
they feel as if they are entering a simulation of life in the 1980’s? Then, at the end of the day, do 
they feel that they have returned to the 21st century? As educators, our challenge is to match the 
needs of our learners to a world that is changing with great rapidity”. Mark Prensky (2005) 
coined the terms digital native and digital immigrant to explain the difference between students 
who have grown up with technology, and the rest of us who were not born into a digital age. To 
most adults, digital literacy has been something we need to work at learning. To our children, 
computing is intuitive. Adults joke that when they need to know how to do something with their 
digital tools ranging from cell phones, to computers, or even digital televisions, they call their 
children. When it comes to schooling, however, many parents and teachers have been reluctant 
to embrace the same technologies that are ubiquitous in life outside the school walls. 
In Breakthrough (2006), Fullan, Hill, and Crevola state that:  
…The new mission for schools is to achieve 90 to 95 percent success. This is 
what it will take for societies to thrive in the complex world of the 21st century. 
Moreover, the goal is not just about literacy and numeracy scores. It is about 
learning to learn, about becoming independent thinkers and learners. It is about 
problem solving, teamwork, knowledge of the world, adaptability, and comfort in 
a global system of technologies, conflict, and complexity. It is about the joy of 
learning in all facets of work and life pursuits. (p. 2-3) 
These are exactly the 21st century skills that business leaders are calling for in their future 
employees. The Partnership for 21st Century Skills has brought together “the business 
community, education leaders, and policymakers to define a powerful vision for 21st century 
education” (P21, About Us, Get Involved, para.3). This vision includes a framework for learning 
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(see Figure 2.3) that proposes the need for Core Subjects and 21st Century Themes, Learning and 
Innovation Skills, Information, Media and Technology Skills, and Life and Career Skills. We 
must transform our Industrial-Aged learning environs, where knowledge and technical expertise 
is key to success. It is time to move education to the Conceptual Age where “the best employees 
… will excel at creative problem solving and different ways of thinking -- synthesizing 
seemingly diverse things together for better solutions, using metaphors to explain new ideas for 
which no context yet might exist” (Bodell, para. 4, 2012). In the current Conceptual Age, 
ubiquitous technology is a necessity.   
In The Future of Schooling: Educating America in 2020, Goodwin, Lefkowits, 
Woempner, and Hubbell (2011), note:  
In future educational systems, the traditional mental model of the school may be 
obsolete. No longer, will students gather at a physical facility, grouped by age and 
passively receiving compartmentalized information from trained adults (Pink, 
2001; Stevenson, 2006). Rather, parents, students, educators, business people, and 
policymakers will require educational systems that support the needs of 21st 
century learners- systems that are customizable for and by the learner, 
comprehensive in scope, and connected to the lives and interests of students (p. 
2). 
Schwahn and McGarvey (2011) agree. In Inevitable- Mass customized learning –Learning in the 
age of empowerment, they describe a system of learning infused with technology that enables 
professional educators to bring education into the 21st century, is student-driven, customized, and 
inevitable. They propose that instead of devoting our efforts to “catching up with those who are 
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most efficient at being obsolete” (p. 14), we should be leapfrogging to mass customized learning 
that meets the needs of each student. 
 
Figure 2.3: Partnership for 21st Century Skills Framework - Reproduced by permission of   
     the publisher, www.P21.org 
 
As Christensen notes, in Disrupting Class (2008):  
Like all disruptions, student-centric technology will make it affordable, 
convenient, and simple for many more students to learn in ways that are 
customized for them… Student-centric learning is the escape hatch from the 
temporal, lateral, physical, and hierarchical cells of standardization. …Student-
centric learning opens the door for students to learn in ways that match their 
intelligence types in the places and at the paces they prefer by combining content 
in customized sequences (pp.38-39). 
So while ubiquitous computing has shown promise in the acquisition of 21st century 
skills, that has not necessarily been the focus or demand coming from state and national measure 
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mandates (NCLB, 2001). Recent studies have shown that when teachers integrate technology 
into their lessons, student-centered classroom activities along with 21st century skill development 
are more likely to be developed (Inan, Lowther, Ross, & Strahl, 2010; Inan & Lowther, 2010; 
Keengwe, et al., 2011; Lemke & Coughlin, 2009; Lowther, et al., 2012; Oliver & Corn, 2008; 
Seet & Quek, 2010).  
Project Tomorrow (2013), a quantitative study in existence for ten years, collected data 
through an online survey from 364,240 k-12 students; 39,713 parents; and 102,070 educators 
from 8,020 schools nationwide in fall 2012. The purpose of the annual study is to collect 
opinions from stakeholder groups on technology integration in schools. Any school may 
participate in the study and variables including demographics such are ethnicity, locale, and 
socioeconomic data are analyzed. Results showed that administrative and parental support for 
technology integration; concern over the digital divide; concern over sustainability; mobile 
computing in schools; use of social media for communication and learning; and, greater needs 
for professional development related to technology have increased over the past five years. New 
conversations surrounding Common Core Standards and flipped classrooms (Hennessy, 2013) 
have emerged. Recommendations for professional development include mentoring, coaching, 
and professional learning communities targeted at 21st century skills. While limitations include 
marketing strategies to encourage participation and the possibility that participation is more 
likely from those who value technology and 21st century change, this report supports the 
literature on how technology is changing schooling and raises additional areas to explore, 
specifically flipped classrooms and the impact of Common Core Standards. Project Tomorrow 
(2013) also recommends professional development including mentoring, coaching, and 
professional learning communities targeted at 21st century skills.  Since teachers’ belief and 
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pedagogical methods are critical to student learning, continued pre-and in-service professional 
development must address the integration of technology and 21st century skill development for 
our students.  
Pope, Beal, Long and McCammon (2011) conducted an exploratory qualitative study that 
used detailed field notes, pre-service teacher reflections, and digital videos to determine how 
middle school students serve as teacher educators to their pre-service teachers. Using TPACK- 
Technological Pedagogical Content Knowledge (Mishra & Koehler, 2006) as a model (see 
Figure 2.4), teacher-educators developed the program to engage pre-service teachers in 
constructivist strategies.  
The program created partnerships between the teachers and students to integrate 
technology into learning and repeated the process each year for three years.  Results showed that 
pre-service teachers learned that students’ views and digital skills are valuable for planning for 
 
Figure 2.4: TPACK Model -Reproduced by permission of the publisher, © 2012 by tpack.org 
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21st century learning activities. Using technology to support learning became seamless as 
students taught pre-service teachers how to use computers. The project was limited with a small 
sample size, but rich with anecdotal data. This study indicated the importance to include students 
in implementation plans to guide their teachers in learning technology, and to identify the 
students’ preferred learning styles. It supports the concept of student digital learners who have 
much to offer to adults who are willing to listen and learn. 
Summary- 21st Century Skills 
There is no doubt that technology has totally changed our world. Because of technology, 
the world is now flat according to Freidman (2005), and Bonk (2009) proposes it is also open. 
Ray Kurzweil even suggests that before long we and technology will become one… a 
singularity. The US National Education Technology Plan of 2010 calls for a change in the way 
we educate our children. It suggests we need to shift the paradigm to embrace the technologies 
that exist and will continue to be created, that educators need to be trained to utilize these new 
tools for learning and that a 24/7 environment is available and appropriate for education. There 
are many examples of how our children have adopted new technologies and are learning and 
doing their part to change the world for the better through it. The Partnership for 21st Century 
Skills, a non-profit organization comprised of business leaders and educators, proposed new 
skills needed for 21st century work and life. These skills include collaboration, communication, 
innovation, and the use of technology. Dan Pink tells us that the future requires workers who can 
problem-solve, collaborate, create, and design rather than memorize and focus on content. Yong 
Zhao suggests that in order for the United States to maintain its place in a new complex global 
economy that the future belongs to entrepreneurs who can utilize the resources including 
technology to innovate. Yet, our schools continue to deliver education through a 19th century 
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model designed for factories and to weed out those who can use their minds from those who use 
their hands. Our children have grown up with technology. They use it seamlessly and often. They 
use it to learn, collaborate, and communicate. In addition, yes, they use it to play and sometimes, 
in inappropriate ways. It is our responsibility as educators to guide them toward appropriate use 
and to facilitate their learning. 
A Systems Approach to Technology Integration and School Change 
 Fullan (2011) suggests that “investing in and assuming that the wonders of the digital 
world will carry the day vs. instruction” is an investment in the wrong driver. He states, “There 
is no evidence that technology is a particularly good entry point for whole system reform, but it 
will be a dramatic accelerator if we can put instruction, and skilled motivated teachers and 
students in the lead.” In other words, it appears that the focus has been on the wrong target. 
Instead of focusing on the technology, we need to focus on teaching and learning, and the 
involvement of those using these tools to set and reach high academic achievement. When we 
utilize strategies that have proven to impact student achievement and provide the resources 
needed to fully utilize technology as a powerful learning and teaching tool, our results will be 
more positive (Greaves, et al., 2012; Mancabelli, 2012). Additionally, the possible reason we 
have seen a lack of results with laptop projects is that the tools have been dispersed with 
insufficient planning connected to those proven teaching and learning strategies. While several 
ubiquitous computing projects identify professional development as a critical component, many 
indicate that how and when laptops were used was left up to individual teachers. (Cavanaugh et. 
al., 2011; Silvernail et. al., 2011; Zucker, 2009) 
Dufour and Eaker (1998) in Professional Learning Communities at Work explain the role 
of administration in bringing about change. They note that administrators “of professional 
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learning communities should involve faculty members in the school’s decision-making processes 
and empower individuals to act” (p.185). They must also provide “staff with the information, 
training, and parameters they need to make good decisions” (p. 186) Leaders must also model 
the behaviors they expect in their teachers and focus on results. 
Frank Florence, (2010) Cisco’s senior director for education marketing states: 
  A successful 1:1 program is about change management, building new 
leadership models. It’s about getting students, parents, staff, and the community 
involved. When a district throws down a lot of money on a new initiative and 
nothing happens, it quickly becomes a negative article in the local newspaper. 
Successful programs require superintendents with vision and the capacity to pull 
it off. They need to be backed up by a strong chief information officer and people 
who can make things happen (LaFee, 2012, p. 27). 
These cautions play an important role in the implementation of a successful ubiquitous 
computing environment.  Not only must the hardware, software, and logistical management 
procedures be addressed, but a comprehensive plan, one that addresses whole system reform, 
must be constructed to ensure the return that stakeholders expect from their investment. It takes 
the entire learning community to be engaged to create this level of impact. Richard Smith, (2012) 
Deputy Superintendent of Sanger Unified School District states, “We would not have been able 
to achieve so much in such a short time without an organizational focus, a wholly new culture, 
new structures…teacher sharing… better instructional practices and more focused response…” 
So, what are the conditions needed for success? According to Lu and Overbaugh, (2009) 
critical components include time for teachers to plan and collaborate, timely technical and 
administrative support, appropriate software, and on-going professional development. 
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Cavanaugh, et al. (2011) identified professional development, transformation of teaching and 
instructional practices from teacher-centered to student-centered, logistics of deployment, 
support for technology and communication with parents as necessary factors for success. In 
Laptops in the k-12 Classroom: Exploring factors impacting instructional use, Inan and Lowther 
(2010) identified that critical factors for success were overall support from all stakeholders, 
technical support, professional development, teacher readiness, and teacher beliefs about the 
value of technology in learning. Hew and Brush (2006) added the need for a shared vision to the 
list of critical conditions.  
Palak and Walls (2009) concluded that: 
 … unless the focus of technology integration is explicitly on student-
centered pedagogy, technology integration may continue to support teacher-
centered practice with inadequate, highly controlled student use in the classroom. 
Professional development with a focus on the integration of technology for 
student-centered practices appears to have a positive effect on shifting belief and 
practices (p. 430). 
 Byrk (2010) used a quantitative design with extensive surveys from teachers, 
administrators, and students over a 15-year period to identify factors that lead to school 
improvement specifically in the areas of reading, math, and student attendance. The results 
indicate there are five essential supports, all of which must be present to reap gains in academic 
achievement. The five include a coherent instructional guidance system, the school’s 
professional capacity, strong parent-community-school ties, a student-centered learning climate, 
and leadership that drives change. While this study was longitudinal, it was limited to urban 
elementary schools in Chicago. The study supports systemic models of change, indicating greater 
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success when all factors are present. Results showed that schools missing any component or that 
were weak in any component showed little to no gains. The comprehensiveness and comparison 
of schools with similar demographics in this study provides strong believability in the results. 
This research supports the importance of systemic models for technology integration by 
identifying similar elements as those identified by Project Red research (Greaves & Hayes, 
2012), however Project Red research does not show as significant impact when any one factor is 
missing or weak. 
 Hedberg (2011) used a mixed methods exploratory approach to collect data from six 
schools that represented diversity in grade level and demographics. Surveys of teachers and 
students, classroom observation notes, interviews with participating teachers, and teacher 
culminating presentations on their experiences provided data. The study aimed to determine how 
disruptive innovation (Christensen & Raynor, 2003), using technology, changed the pedagogy 
and the learning environment of classrooms. Supports provided to teachers resulted in improved 
implementation of technology. These supports included training, expert collaboration, and 
professional learning communities. The data results compared to a similar, previous study and 
showed similar conclusions. Results indicated that teachers increased personal efficacy and 
achievement of learning objectives, adopted new strategies and better met student needs. Student 
achievement increased, and teachers and students were more motivated in their learning. Both 
groups concurred that they wanted to continue with their new methods of teaching and learning.  
These findings repeat the importance of systemic supports, professional development, and the 
necessary role teachers’ play in transforming schools. The frequency of this topic seems to 
indicate a gap in the research for the need to demonstrate effective strategies for professional 
development or exploration of pedagogy that will deliver increases in student achievement. 
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 Stefl-Mabry, Radlick, and Doane (2010) took a different approach with their research in 
an exploratory case study that investigated student views about how their use of technology 
outside school compares to use in school. The results found that students engage in ubiquitous 
computing for learning, with better tools and less restrictions outside of school. Students 
indicated that they felt teachers were undertrained for effective technology integration, 
technology available in school was outdated and inadequate, teachers talk too much rather than 
engaging students in active learning, and school is boring. If allowed, students felt they could 
help teachers integrate technology into lessons and could teach educators skills needed to create 
engaging, ubiquitous, learning environments in school. Students indicated that their teachers 
were “living in the past”, made insufficient attempts to integrate technology, and did not care 
about student needs or interests (Stefl-Mabry, et al., 2010). The study identified limitations in 
sample size and scope but indicated the value of qualitative research to start conversations on 
topics and identify gaps in research. This study supports other research summarized above in the 
value of professional development, systemic approaches to ensure successful integration, and the 
need to include digital natives (Prensky, 2001) in planning for educational needs.  
 Project Red (Revolutionizing Education through Technology), “…conducted the first 
large-scale national study to identify and prioritize the factors that make some U.S. K-12 
technology implementations perform dramatically better than others” (Greaves, et al., 2012). The 
project studied over 1000 schools in 49 states and looked at eleven success measures with 
twenty-two categories of independent variables. The project hypothesized that systemically 
implemented technology deployments, would increase student achievement, and save money at 
the local, state and national level of government. The results of the study concluded seven key 
findings and nine critical variables to successful implementation (see Figure 2.5). Project Red 
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concluded that “schools employing a 1:1 student-computer ratio and key implementation factors 
outperform other schools, and reveal significant opportunities for improving education return on 
investment (ROI) by transforming teaching and learning” (Greaves, et al., 2012).  
 
Figure 2.5: Key Findings of Project Red 
 
 To continue their research, in 2012 Project RED secured funding from several large US 
corporations and invited twenty-five Signature Schools early in the process of 1:1 deployment to 
join a network for collaboration. The high school in this study was selected as a Signature 
School, and used the results of Project Red’s research and a systems approach to transform 
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education through the use of ubiquitous computing.  The Project Red web site created a 
community of learners to share best practices, policies and procedures, documents and other 
resources. Project Red also facilitated monthly webinars and conference calls for the schools 
involved.  Plans to continue collection of data from school leaders, educators, students and 
parents will add to the body of literature on a research based systems approach to 
implementation. Data measuring student achievement, teacher and student use of technology, 
perceptions on school climate, discipline, and cost savings are part of the on-going project. 
 Rob Mancabelli and Hishan Anwar, co-founders of Bright Byte and former MIT 
colleagues, developed a similar systems approach to technology integration for schools. The 
CASE Model (Figure 2.6) focuses on the interplay of what happens in the classroom (the 4 C’s- 
communication, creativity, collaboration and communication; digital citizenship, assessment and 
assistive technology), with access (both school and home), the environment, (the 3 P’s -policy, 
procedures, and practices; support; professional learning; and beliefs) and skills (foundation, 
online, and multimedia). The CASE model clearly focuses on factors that Project Red research 
and others indicate influences successful implementation of technology in schools (Greaves, et 
al., 2012; Senge, 2008; Mancabelli, 2012). The high school in this study used the CASE model 
as one form of data collection and monitoring of technology implementation, and tracking of 
achievement. 
 Upon embarking on systemic transformation, educational leaders should develop a 
comprehensive plan with articulated vision and goals. This plan should include opportunities 
include stakeholders in decision-making.  Project Red’s research indicates that principal 
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Figure 2.6: CASE Model - Reproduced by permission of the author, 2012 by 
http://www.brightbytes.net/approach/ 
 
leadership is critical. “…Analysis shows that within the school the principal is one of the most 
important variables across the 11 education success measures, suggesting that change leadership 
training for principals involved in large-scale technology implementations is of paramount 
importance” (Greaves, et al., 2012). In addition to modeling technology, principals’ 
understanding the current organizational culture and its stakeholder’s thoughts is critical to 
building trust needed for transformative change.  Covey (2008) suggests that, “establishing trust 
on every level, builds character and competence, enhances credibility, and creates leadership that 
inspires confidence”. Trust and relationships trump all other leadership qualities and authentic 
leaders know the importance of building and sustaining both (Covey, 2008; Fullan, 2005; 
Reeves, 2009; Schwahn & Spady, 2010; and Senge, 2005). 
 A sense of urgency for inclusion of 21st century teaching and learning (Kotter & 
Rathgeber, 2006) must be present. Stakeholders who are comfortable with the way things are, 
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need to understand why status quo will no longer suffice. As Dan Pink (2009) suggests, “We 
need to prepare children for their future, not our past.”  We designed our traditional education 
systems for life in the nineteenth century and the 21st century has brought about many 
advancements. The world is now flat (Friedman, 2005) and open (Bonk, 2009). In other words, 
communications and applications through technology have dramatically changed the way we 
live, learn, work, and play. Schools must be willing to explore and implement new 
transformative models that encourage flexibility, choice, and personalization. Models must 
provide opportunities to meet the unique needs and interests of every student, including on-line 
and blended learning, and software programs that utilize artificial intelligence to adapt to each 
learner (Bonk, 2009).  
 In order to create this sense of urgency, the leader needs a plan to inform and compel 
stakeholders to recognize the dilemma that schools face. It takes the entire community to 
embrace and bring about transformative or second-order change. At the forefront of the message 
should be the need to prepare students for their future. 
 By delivering the message of urgency well, stakeholders should be ready to join the 
coalition (Kotter & Rathgeber, 2006) and connect with peers for a purpose (Fullan, 2008). Teams 
should plan action strategies that bring about the desired improvements; work together to 
develop and articulate the shared vision; create specific plans of action with goals and timelines 
for implementation; and identify measures of success so short-term wins can be celebrated and 
long-term improvements sustained (Kotter & Rathgeber, 2006). According to Reeves (2009), 
when implementing systemic transformative change it is imperative that the masses are involved. 
To ensure student achievement gains, involving as many stakeholders as possible in the 
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transformation is critical to building systemic capacity, empowering action, and implementing 
improvements (Fullan, 2008; Kotter & Rathgeber, 2006).  
 In Leading Change in your School, Reeves (2009) explains that educational leaders must 
make one of two choices. The first is to implement change that may be imperfect and sometimes 
ineffective. The second is status quo, which does not serve our students. Senge (2008) indicates 
that systemic transformation may take many years to occur. The leader needs to maintain the 
course, recognize that transformation takes time and through continuous evaluation and 
adjustment, systemic improvements including those to the organization’s culture will occur.  
Summary-Systems Approach 
 Moving a school district from a traditional 19th model to one that embraces 21st century 
teaching and learning is a complex and difficult task. However, research shows that leaders who 
use systemic transformative approaches, lead with passion and heart, create an urgency for 
change while developing a shared vision, empower followers and build trust in the organization, 
create positive results (Kotter & Rathgerber, 2006; Senge, 2008). Leaders must consider many 
factors when implementing a 1:1 ubiquitous computing environment to bring 21st century 
teaching and learning to schools. Vision, goals, technology support, infrastructure, hardware and 
software, professional development, policies and procedures, professional development, teacher 
beliefs and pedagogy, community support, classroom strategies, frequency and quality of 
technology use, and assessment of both students and the implementation must be planned. 
Schools that do this comprehensive level of planning see positive returns (Boardman, 2012; 
Bryk, 2010; Keengwe & Schnellert, 2012; Weston & Bain, 2010; Wirt, 2012; Greaves, et al., 
2012). The last research stream highlights results of ubiquitous computing, giving further detail 
to suggest the return on investment. 
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Ubiquitous 1:1 Computing Environment Impact on Student Learning 
 Unfortunately, many early adopters of ubiquitous computing environments did not 
demonstrate the type of results expected in order to validate the investment.  
 According to Christensen in Disrupting Class (2008): 
Similar to spending overall, spending on computers in schools has increased 
dramatically. By 1995, the average public school in the United States had 72 
computers available to support instruction. By 2003, this average has nearly 
doubled to 136. Whereas in 1998 there was an average of 12 students for every 
computer with Internet access, by 2003, that number was down to nearly four. If 
the addition of computers were a cure, there would be evidence of it by now. 
There is not. Test scores have barely budged. There must be a better explanation 
than more computers and technology (p.2).  
 Standardized tests have been the measure for which we have fallen short. However, Yong 
Zhao believes this is the wrong measure and that we should expand our definition of success 
(2009, p.182-183). There have been positive results in the acquisition of writing skills, 21st 
century skills, and student and teacher perceptions about school, teaching, and learning 
(Hedberg, 2011; Jing & Zhao, 2008; Lee, et al., 2011; Meyers & Brandt, 2010; Oliver & Corn, 
2008). 
After a decade, ubiquitous computing results conclude that: 
• Teachers use laptops more frequently for a variety of instructional, communication, 
and managerial tasks (Karsenti & Collins, 2011; Silvernail, et al., 2011; Zucker, 
2009). 
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• We accomplish differentiated learning more easily with technology (Karsenti & 
Collins, 2011; Silvernail, et al., 2011). 
• Students’ use in class depended on the content area, with Language Arts, Social 
Studies, and Science showing the greatest use (Lowther, et al., 2003, Silvernail, et al., 
2011). 
• Teachers with constructivist philosophies, rather than traditional teaching 
philosophies, used laptops in their classes more frequently and more teachers moved 
to utilizing more student- than teacher-centered strategies with technology (Lowther, 
et al., 2003; Meyers & Brandt, 2010; McGrail, 2007; Silvernail, et al., 2011; Zucker, 
2009). 
• Teachers felt they could teach deeper, faster, and individualize learning more with 
laptops (Karsenti & Collins, 2011; Silvernail, et al., 2011). 
• Student collaboration in learning activities increased when using computers 
(Maninger & Holden, 2009; Silvernail, et al., 2011). 
• Teachers felt they could complete administrative tasks faster, track student 
performance easier, be more efficient, and use student data to inform their teaching 
more effectively with laptops (Karsenti & Collins, 2011; Silvernail, et al., 2011). 
•  Teachers and students felt students could present or express ideas better, more easily 
demonstrate learning, and were actively involved in learning when using technology 
(Karsenti & Collins, 2011; Keengwe, et al., 2011; Lowther, et al., 2003; Rockman, 
2004; Zucker, 2009). 
• Students felt laptops helped them be more organized, that they did more school work, 
were more interested and motivated in school, and that the quality of their work 
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improved (Cavanaugh, et al., 2011; Keengwe, et al., 2011; Levin, 2005-06; Light, 
2001; Lowther, et. al., 2003; Mousa, 2008; Rockman, 2004; Silvernail et. al., 2011; 
Zucker, 2009). 
Studies showed significant improvements in student writing skills (Jeroski, 2003; 
Lowther, et al., 2003; Mousa, 2008; Penuel, 2006; Silvernail et al., 2011; Zucker, 2009). In 
science, students showed greater gain when they used laptops for learning, but more 
significantly, retained their knowledge over time as compared to students who did not use 
laptops (Silvernail, et al., 2011). Mathematical gains showed greater achievement when teachers 
were involved in intense professional development, but laptop use and results in math lagged 
behind other content areas overall (Lowther, et al., 2003; Silvernail, et al.; 2011; Zucker, 2009). 
The acquisition of 21st century digital literacy skills such as research and Internet information 
analysis showed statistically significant improvements with technology use (Cavanaugh et al., 
2011; Fairman, 2004; Karsenti & Collin, 2011; Mouza, 2008; Nicol, 2004; Rockman, 2003; 
Sivernail, et al., 2011; Shapley, 2010).  For example, Saugus Union School District, northeast of 
Los Angeles, California, experienced a 37% increase in writing scores after one year of laptop 
implementation, representing scores that were double the state average (Derringer, 2010). 
Possibly, as time has passed since the late 1990’s and educators learned many lessons from early 
adoption including the importance of a systems approach, deployment of ubiquitous computing 
environments have improved with a greater focus on the value added. 
For example, Lowther, et al. (2012) conducted a mixed-methods design that used a 
descriptive and quasi-experimental study to explore the effectiveness of Michigan’s Freedom to 
Learn (FTL) 1:1 initiative. While less than half of schools in the project participated with 
teachers and students data collection, classroom observations, school, and student achievement 
 48 
data, was measured. Results showed that teachers were more likely and confident to use 
research-based best practices using technology than the other teachers not involved in FTL. 
Students developed better research and study skills, enjoyed learning more, and felt computers 
use would benefit their future. Again, however, student achievement on state standardized 
assessments did not show improvement. The limitations of the study included self-reporting and 
a short implementation period. The authors recommended additional professional development 
for teachers. This study supports the need for a systemic approach to implementation and calls 
for triangulation of data. The results also support older research of ubiquitous computing, 
showing gains in 21st century skills and student attitudes toward school, but insignificant 
improvement on state standardized assessment exam scores. Greater attention to training, teacher 
attitudes, and research-based classroom strategies, may have created greater student achievement 
in this project. 
Jing and Zhao (2008) utilized a mixed methods design with a quantitative survey with 
students. They also collected qualitative data through interviews with teachers representing all 
content areas, and students with mixed interest in technology. Unlike the study conducted by 
Lowther, et al. (2012), results revealed value of 1:1 laptop environments to both student 
academic achievement and 21st century skills. Students demonstrated a wide variety of computer 
uses that enhanced their technology skills and academic growth. Concerns emerged over 
student’s digital literacy skills, overdependence on technology, and discipline, but the authors 
explained these as typical of digital learners and not necessarily bad. Limitations included 
student and staff self-disclosure, a small sample, evaluation after only one-year implementation, 
and an atypical wealthy, well-equipped school environment. The authors recommended further 
study on exactly how students and teachers use technology in the classroom, along with more 
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effective methods to evaluate technology that facilitates student learning. Jing and Zhao felt there 
is also a need for additional research on how schools successfully implement ubiquitous 
computing environments.  
A meta-analysis completed by Keengwe and Schnellert in 2012 summarized literature on 
1:1 implementation, focusing on three streams: “technology integration and student achievement, 
barriers to successful integration, and 1:1 laptop program implementation” (p. 36). Results show 
benefits to ubiquitous computing when implemented systemically. Benefits include improved 
student achievement, attendance, graduation rates, behavior, 21st century skills, student-centered 
problem-based learning, and teacher/student confidence with technology. A critical component 
to success identified training needs for teachers- a thread repeated in nearly every study. In 
addition, results uncovered barriers to success. Inequities in those served - the digital divide; 
opposition due to costs versus improved student achievement; limits on time, funds, professional 
development, sustainability, and technical support; inadequate implementation planning; poor 
community buy-in; distractions to students; and a lack of effective measures of success were all 
identified as negatives. The report indicates that classroom integration has not kept up with the 
fast pace of change, that teachers need on-going training that focuses on student-centered 21st 
century teaching strategies, and that systemic implementation models must be followed. The 
summary supports the streams of this literature review and supports the findings supported by 
Project Red (Greaves, J., & Hayes, 2013). The study did not address exploring why some 
teachers choose traditional teaching methods over technology integration even when barriers are 
removed. 
Maine was the first state in the United States to embrace ubiquitous computing on a large 
scale and began implementing 1:1 computing environments in its middle schools in 2002. In 
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2009, the program expanded to high school. In 2012, Walker, Johnson, and Silvernail, of the 
Maine Education Policy and Research Institute conducted a qualitative study that utilized data 
from eight high schools, collected by interviews, focus groups, and online survey results from 
teachers and students.  The purpose of this study was to compare devices used in ubiquitous 
computing to determine if the device matters, to assess costs in relation to each device, and to 
identify benefits and challenges in a high school deployment. Results showed that less expensive 
devices met most high school learning needs; however involved more costs with staff and 
repairs. Infrastructure, technology support, and teacher training proved more important than the 
device chosen. Fostering efforts of teacher-leaders in integration is critical, especially with 
limited resources available to schools. When integrated consistently into the entire school 
culture, technology brings about change more quickly. Similar to many research studies related 
to ubiquitous computing, limitations of the study included a small sample size and limited, one-
year, time for deployment. The report identified areas for additional research, specifically: how 
professional development is being utilized, how teachers can share best-practices with peers, 
how technology can be more fully integrated into school culture, and how we can encourage 
slow-adopters to embrace these changes. These topics support some other gaps identified and 
call for a deeper exploration of teacher roles in implementation. 
An area that seems to need more research concerns professional development related to 
technology and how to move teachers to second-order change. Numerous schools throughout the 
country have adapted the TPACK model (Figure 2.4) or more recently, the SAMR model 
(Figure 2.7) to tackle this challenge.  TPACK is a theoretical framework that supports content-
based technology integration. Studies on professional development using TPACK, have shown 
that when teachers more fully understand the relationships between the overlap of content, 
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pedagogical, and technological knowledge, they are more likely to use technology. Since the 
model supports content-specific approaches to instruction, the transition is easily understood by 
most educators (An & Reigeluth, 2012; Harris & Hofer, 2011; Harris, Mishra, & Koehler, 2009; 
Koehler & Mishra, 2009; Koehler & Mishra, 2005; Nelson, Christopher, & Mims, 2009; Pope, et 
al., 2011). At the same time, Harris and Hofer note that teachers admit “teaching probably 
wouldn’t be “revolutionized” as a result...but that it would be ‘enhanced’, and 
therefore...learning would be more effective” (p. 226). 
 Dr. Ruben Puentedura, the Founder and President of Hippasus, a consulting firm based in 
Western Massachusetts developed the SAMR model- Substitution, Augmentation, Modification, 
and Redefinition.  SAMR guides the work of the Maine Learning Technology Initiative through 
transformative applications of information technologies to education. The model represents a 
continuum of integration that moves from substituting a new electronic tool for traditional 
teaching strategies to a transformative redefinition of education that brings about learning that 
would be impossible without technology. The SAMR model is the topic of many web blog and 
school sites and has been a feature at workshops, conferences, and professional development 
activities for educators. It defines that which seems to be lacking in much of the professional 
development activities identified through the literature review. In addition to explaining the 
model on You Tube, Dr. Puentedura gives many practical examples of specific uses of 
technology that move learning up the continuum. In embracing digital communication, most of 
Dr. Puentedura’s work is published primarily on his website, Hippasus, and on You Tube.    
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Figure 2.7: SAMR Model -Reproduced by permission of the author. 2013 by 
www.hippasus.com 
 
Summary 
 One-to-one computing continues to evolve. As technology has become ubiquitous outside 
of school, it continues to be a 21st Century tool that has met opposition and challenge within the 
school walls. Research has shown mixed results regarding improved academic proficiency on 
traditional and standardized measures. However, as the business world calls for college and 
career ready graduates equipped with 21st century skills, computers in school show much 
promise. Students and teachers are successfully implementing higher-order learning activities 
into classrooms facilitated by technology. Research shows significant gains in writing; learning 
and innovation; information and communication media and technology; and life and career 
skills. Students are more engaged and motivated in learning with technology. They have 
opinions concerning its use and are willing to share their expertise if invited. While some 
stakeholders still criticize educators concerning standardized test results, others question using 
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standardized exams as measures. One-to-one computing has the potential to truly transform our 
antiquated educational system if we are open to embracing the power it holds as a learning tool. 
  In inevitable- Mass Customized Learning- Learning in the Age of Empowerment, 
 Schwahn and McGarvey (2011) claim: 
The world is changing…no, excuse us, it is not changing, it already has changed! 
We have left the Industrial Age and mass production and seen our way into, and 
maybe past, the Information Age and mass customization. Except for education, of 
course… which remains stuck in an assembly line approach to education, which 
presupposes that all eight-year-olds are ready to learn the same thing, the same 
way, in the same amount of time. Sooo 20th century! (p. xii). 
 It is past the time that education must change to catch up with the world outside school, 
but it is not too late. It is time that we strategically plan for total system reform that embraces 
new tools, focuses on what works, and engages all stakeholders in the process. That was the 
focus of this project. It studied a ubiquitous learning environment utilizing laptops for teachers 
and students in order to:  
• maximize the use of one of the most powerful tools for teaching and learning that exists; 
• replicate researched-based strategies for teaching and learning, many of which are 
summarized in previous 1:1 computer deployment projects throughout the nation and in 
scholarly articles and published books such as Pitler, Hubbell, Kuhn and Malenoski’s 
(2009) Using Technology with Classroom Instruction that Works, or Hattie’s Visible 
Learning (2009) and Visible Learning for Teachers (2012);  
• engage all stakeholders in professional learning communities as promoted by DuFour to 
ensure sustained change.  
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 Quoting Margaret Mead to summarize the impact that professional learning communities 
can have to successfully implement a ubiquitous learning environment, while focusing on what 
works and a total system transformation, “Never doubt that a small group of thoughtful, 
committed, citizens can change the world. Indeed, it is the only thing that ever has” (Sommers & 
Dineen, 1984, p. 158). 
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Chapter 3: Action-Oriented Research Methodology 
 
Introduction 
 
 The purpose of this research study was to explore the value of ubiquitous computing in 
the systemic transformation of a high school to embrace 21st century teaching and learning. The 
study explored changes in teacher and student technology use, the relationship between teachers’ 
technology use and the acquisition of 21st century instructional skills, and factors that influenced 
teachers’ decisions to plan lessons that integrated student-centered technology. This research 
study utilized a mixed methods approach in data collection. The primary research question of 
this study was: 
What is the relationship between ubiquitous computing and the systemic transformation 
of a high school focused on 21st century teaching and learning? 
Sub-questions were: 
1.  To what extent does teacher and student technology use change with the 
implementation of ubiquitous computing?  
2.  What is the relationship between teachers’ technology use in a ubiquitous computing 
environment and the acquisition of 21st century skills?  
3. When first-order barriers to implementation of classroom instructional technology are 
removed, what additional factors contribute to teacher decisions to utilize technology 
as a student-centered learning tool? 
This chapter further identifies details of the study regarding the research design, rationale, and 
methods; site and population; and ethical considerations. 
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Research Design and Rationale 
Using a mixed methods approach for the study, the researcher utilized historical 
quantitative data from questionnaires of 66 educators and 800-900 students at a suburban 
Pennsylvania school district. This data was collected using the online Clarity® questionnaire 
developed by Bright Bytes, an educational technology consulting company that focuses on data 
analytics and research. Clarity® is based on the CASE (Classroom, Access, Skills, Environment) 
framework. This research-based questionnaire has been used in over 2000 schools throughout the 
United States, and provided the data needed to answer the research questions. This phase of the 
research represented a time-sensitive, quasi-experimental design analyzed with descriptive 
statistical data.  
 The quantitative analysis also provided evidence on changes in technology use occurring 
due to the introduction of the ubiquitous computing environment and the relationship between 
teachers’ technology use in a ubiquitous computing environment and the systemic transformation 
of a high school to embrace 21st century teaching and learning. The independent variable was the 
introduction of a 1:1 ratio of laptop computers to students. The dependent variables were the 
areas measured, including teacher and student technology skills and use, 21st century skills, and 
beliefs about laptop computer use in schools. Additionally, historical walkthrough observation 
data collected by administrators were analyzed to triangulate the questionnaire data in order to 
validate the results. 
 Threats to internal validity included history, including a daily schedule change from 
traditional to block scheduling during the second year, maturation of students, the impact of 
multiple questionnaires on individuals involved, and statistical regression for individuals who 
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score very high on the baseline questionnaire. Threats to the external validity included the 
Hawthorne Effect since teachers and students knew that change was being measured. 
For the quantitative historical data collection, all participants involved were surveyed 
anonymously by an electronic questionnaire in October 2012 (pre deployment) and again in May 
2013 (end of first year). Previous questionnaires at the school using similar procedures rendered 
a high rate of return so the rationale was that repeating this strategy would also create positive 
results. Adequate time was allocated for faculty questionnaires during in-service days, and 
questionnaires for students were administered during extended homeroom periods. Any student 
or teacher absent during the initial questionnaire administration was asked to complete it and 
additional make-up opportunities to participate were provided. The first questionnaire resulted in 
57/66 teachers or 86% participation and 935/1046 students or 89% participation. The second 
questionnaire resulted in 54/66 or 82% teacher participation and 804/1066 or 75% student 
participation. It should be noted that reliability rates might be overrated with the administration 
of the questionnaire two separate times during the first year. Participants may have recalled 
previous responses to questions on the instrument. Since at least eight months spanned between 
each administration, it was hoped that this effect was minimized. 
 In this mixed methods study, a qualitative interview method was utilized to better 
understand the teachers’ perceptions. Personal interviews provided additional evidence related 
to perceived barriers to implementation of classroom instructional technology, factors that 
contributed to teacher decisions for lesson planning designed to utilize technology for teaching 
and learning, and other questions that arose from the quantitative data. 
Interview participants were selected on a first to volunteer basis for content area taught. 
A mix of gender, years of service, and classroom technology use levels, in order to provide a 
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variety of perspectives, was anticipated. Participation of faculty was voluntary with participants 
agreeing to be interviewed in advance of any questioning. The high school teacher technology 
coach invited teacher participation through email, using an invitation letter developed by the 
researcher. Teachers responded directly to the researcher with their willingness to participate. 
The researcher selected the first seven participants based on content area each represented. No 
names were used so that anonymity of all teacher participants was ensured. 
 The researcher chose these methods for two primary reasons. First, the school district’s 
School Board of Directors and educational staff had developed a culture of valuing quantitative 
data. This culture of data informed decision-making was one that was adopted many years ago, 
and utilized quantitative data as the mechanism to demonstrate the impact of district initiatives 
on student achievement.  In other words, the stakeholders were most familiar and comfortable 
with quantitative data. The Clarity® platform was provided free of charge to the district through 
the local Intermediate Unit. The researcher considered other questionnaires including TPACK, 
Project RED, and one provided by Apple computer as potential instruments to repeat gathering 
data. Clarity® provided a platform that measured the results of a systemic approach to 1:1 
implementation and matched the research questions. Since the platform matched the study and 
provided an easy to understand dashboard for district use, it was chosen. Consideration was also 
given to teacher and student response to overuse of survey techniques, and opportunity costs 
involved in repeating the process of surveying stakeholders. 
 At the same time, the researcher recognized that education, as a social science, values the 
ideas, opinions, attitudes, and beliefs of those involved. Truly understanding the impact of a 
treatment is deeper and far more complex than that which may be captured in a Likert-scale type 
questionnaire. As noted by Roberts (2010), “Quantitative and qualitative approaches in a single 
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study complement each other by providing results with greater breadth and depth. Combing what 
with a possible why adds power and richness to [the] explanation of the data” (p.145). 
Consequently, the researcher incorporated a phenomenology qualitative approach to further 
explore that which was occurring with a sampling of teachers involved. Phenomenology, 
according to Johnson and Christensen (2008), attempts “to describe one or more individuals’ 
experiences of a phenomenon” (p.394), in this case the experiences of teaching and learning in a 
ubiquitous computing environment. According to Simon and Goes (2011): 
“Moustakas (1994) posited that research should focus on the wholeness of experiences 
and a search for essences of experiences. Moustakas viewed experience and behavior as 
an integrated and inseparable relationship of a phenomenon with the person experiencing 
the phenomenon. There are strong links between phenomenology and constructivism 
(Chiari & Nuzzo, 1996), which is concerned with how the world appears to a particular 
person based on their personal views and experience.” 
 As Creswell (2013) describes, Moustakas’ work proposes to follow specific steps in 
collecting phenomenological data. In following that approach, the researcher explored the 
meaning of the teachers’ experiences with ubiquitous computing, extensively interviewed seven 
teachers, and analyzed those interviews using Moustakas’ steps. The researcher described her 
experiences teaching and learning with ubiquitous computing (epoche) and recognized that she 
could not completely remove herself from the phenomenon. She identified significant statements 
from the interviews and then categorized concepts that emerge into streams. Narrative 
descriptions of what (textural descriptions) and how (structural descriptions) the teachers 
experienced ubiquitous computing and the transformation of the high school to 21st century 
teaching and learning, and descriptions of the essence of the experience are conveyed (pg. 273). 
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 This approach supports the researcher’s pragmatic view, one where “reality is known 
through using many tools of research that reflect both deductive (objective) evidence and 
inductive (subjective) evidence” (Creswell, 2013, p.37). 
Site and Population 
 
Historical raw data, gathered through questionnaires from approximately 800-900 
students and 66 educators attending the suburban eastern Pennsylvania high school during the 
2012-13 school year was utilized. This data was collected from students in the graduating classes 
of 2013-2016. This historical data provided information regarding conditions at the high school 
before the treatment, the deployment of a laptop computer to every student, and changes that 
occurred during the first year of implementation. These students experienced schooling without a 
1:1 laptop to student ratio, and then a ubiquitous computing environment during the first-year 
period. During the first and second year of implementation, the administrative team collected 
walkthrough observation data. Additionally, a small sample of teachers was selected for personal 
interviews during the second year in order to collect more in-depth qualitative data. These 
teachers represent a selected sample, chosen to represent varied content areas, but also 
represented different levels of technology use, years of experience, and genders.  
Population Description 
Of the student population represented at the school during the quantitative data 
collection, 54% were male and 46% female; 8% qualified for free-and-reduced lunch programs; 
and 12% received special education services. Student ethnicity was represented by 88% White; 
5% Hispanic; 3% Asian; 2% Black; 2% Multi-racial; and less than 1% were American Indian.  
High school teachers from all content areas were represented, with 56% female and 44% 
male, 93% White; 5% Asian; and 2% Multi-racial. The majority of teachers had at least ten to 
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nineteen years of experience. Administrators at the school included a female high school 
principal, a male assistant principal, a male technology director, and a female curriculum 
director. All administrators were White.   
Site Description 
The study was conducted at a suburban high school in eastern Pennsylvania, United 
States of America. The middle class/upper middle class community encompassed three 
municipalities with a total population of approximately 21,000 residents. According to 2010 US 
census data, there were 7,375 households including 32% with children under 18 years old. Eight 
percent of the households represented individuals who were 65 years old or older. The average 
family size was 3.09 with 90% who had attained a high school diploma or higher, and 37% with 
a bachelor’s degree or higher. Ninety-six percent were born in the US, 73% were born in 
Pennsylvania, 23% in another US state, while only 4% were foreign born. Eighty-three percent 
represented ancestry from Western Europe, primarily German, Irish, Italian, and English descent. 
Forty-two percent held management or professional careers; 22% were in sales or office 
occupations; 15% were in service occupations; 11% in production or transportation; and 10% in 
construction or repair trades. The median household income was $80,117 with the mean at 
$98,869.  Family household incomes faired slightly higher with the median at $90,436 and the 
mean at $109,082. The median home value in the district was $288,100 and the average 
mortgage was $1891 monthly. The school district budget was over $53 million and the district 
spent approximately $15,821.00 annually per student. The stakeholders in the district had 
traditionally taken an interest in the education of their students and provided support and an 
expectation for a high quality education. Many parents noted that they moved to the district 
because of the reputation for excellence and that they had a desire for their children to experience 
 62 
high educational standards for the future. 
Site Access 
The researcher was the superintendent of schools, and along with School Board of 
Directors’ support and voluntary teacher participation, had access to historical data and teacher 
participants involved in the study. As such, consideration of relationships, politics, and trust, 
were considered so a participatory approach could be realized without damage to relationships. 
Since all members of the high school professional learning community were actively involved in 
the process of transformation and the implementation of a ubiquitous learning environment, the 
expectation was that conflict would be minimized as caution was taken to preserve trust among 
all participants and the researcher. The use of a third party, the high school teacher technology 
coach to send out invitations, any feeling of coercion to participate was minimized. The 
technology coach provides support to teachers in their classroom technology integration. As a 
coach who does not supervise teachers, he established trust and a supportive role rather than one 
evaluative in nature. He was trained in the importance of confidentiality as part of his coaching 
responsibilities.  
Ultimately, the goal of the project was to explore the phenomenon and utilize the results 
of the study for continuous improvement. Results may guide future decisions to meet student or 
faculty needs that were not currently being met. Additional support or resources that were 
lacking, yet needed were identified. By exploring the phenomenon, the researcher will give back 
to those who participated (Creswell, 2013), by providing evidence of successes and opportunities 
for continued growth. 
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The School Board of Directors supported the study and was eager to learn about the 
results of the implementation of a ubiquitous learning environment for students. All school 
policies were followed during the study. 
There were, however, several issues that the researcher needed to consider while 
accessing participants within the school district. Caution was taken to maintain trust so that 
participants felt secure in providing honest responses. The researcher, while not directly 
responsible for supervision and evaluation of individual teachers, was ultimately responsible for 
confirming teacher evaluation results submitted by principals. In the event of documented 
inadequate performance, the superintendent was responsible for issuing an unsatisfactory rating. 
As such, some educators may have been reluctant to openly share their thoughts for fear of 
negative consequences. The use of the teacher technology coach to send invitations, should have 
minimized any feelings of discomfort or coercion. Since all educators within the high school 
were active participants in the implementation of ubiquitous teaching and learning computing, 
and all were members of five distinct faculty committees that focused on various aspects of the 
implementation, the researcher believed any risks of teacher concerns were minimized.  
The researcher also considered the politics that surround the make-up of any School 
Board of Directors and the fact that the superintendent reports directly to the Board. Various 
members of the Board represent different values and attitudes toward ubiquitous computing, 
expenditures related to technology, and the mission and vision of the school. The researcher was 
cautious to communicate the project, and educate the Board of Directors throughout the project. 
The results of the study were communicated to the public in a fashion that clearly 
articulated the purpose, in an attempt to avoid any accusation of personal gain on the part of the 
researcher. Again, approaching the implementation as a professional learning community 
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involving all educators helped to demonstrate the unity in vision to move the high school to a 
successful ubiquitous teaching and learning environment. The creation and implementation of a 
clear communication plan to share the district’s vision of transformation to 21st century learning 
helped to prevent misunderstandings. 
Research Methods  
 
 Using a mixed methods approach, the researcher gathered data through three collection 
strategies. A series of two Clarity® questionnaires providing historical quantitative data was 
analyzed. Students and teachers were first surveyed in early October 2012 before the laptops 
were deployed to students. A second questionnaire was administered at the end of the school 
year in May 2013, near the completion of the first year of ubiquitous computing. The Clarity® 
survey, based on the CASE model, measured self-reported perceptions of technology use in the 
classroom, access, skills and learning environment. The Classroom domain measured the 4 C’s- 
communication, collaboration, critical thinking, and creativity; digital citizenship; digital 
assessment and assistive technology use. The Access domain measured technology availability at 
home and school. The Skills domain measured foundational, on-line, and multimedia skills of 
both students and teachers. The Environment domain measured the 3 P’s- policies, procedures, 
and practices; support; professional learning; and beliefs. Taken together, these domains 
represented a systemic approach to implementation and mirrored the research results of Project 
Red’s key implementation factors (Greaves, et. al, 2012). 
 Between September 2012 and April 2014, administrators collected classroom observation 
data on student and teacher technology use using the Mid-continent Regional Educational 
Laboratory’s Power Walkthrough® software. This electronic walkthrough tool was customized 
by the administrators of the school district in 2012 and captured how technology was used to 
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support teaching and learning. This historical walkthrough observation data was analyzed and 
compared to the self-reported questionnaires data collected from teachers and students. This 
served to triangulate the data using descriptive statistics.  
 The final phase of data collection involved personal interviews with teachers. This 
qualitative data method provided a deeper understanding of teacher perceptions of their 
experiences with ubiquitous computing. This explanatory design aimed to uncover any perceived 
barriers to implementation, teacher beliefs that influenced technology integration, and any other 
questions that arose from the quantitative data. 
Description of Methods and Stages of Data Collection  
 Phase One- Historical Questionnaire Data 
 The initial phase of the project included the analysis of the raw Clarity® questionnaire 
data collected during the 2012-13 school year from teachers and students. The anonymity of all 
participants was guaranteed since no names were collected. Demographic student data does 
indicate grade level, but no other specifically identifiable information was collected. Teachers’ 
data contains content taught, so for those departments with only one or two teachers, care was 
taken to maintain anonymity. These departments are primarily related arts such as Art, Music, 
Technology Education, Business, and Family and Consumer Science. Results from these 
teachers were grouped together to maintain individual anonymity.  
 A high rate of participation was expected since these processes were common and valued 
within the school district. While time was provided for all students and teachers to complete the 
questionnaires, there was no way to guarantee 100% participation as both students and teachers 
could opt-out of participation. The researcher had access to all data, which was provided by  
Bright Bytes and was stored on the school district network. An analysis of this historical data 
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provided a descriptive comparison of baseline data that represented the environment and 
conditions before the integration of the ubiquitous computing environment, and data that 
represented conditions near the end of the first year of implementation. The researcher worked 
with a team of high school teachers at the school who volunteered to serve on the Data and 
Measurement committee to aid in decisions regarding the most valuable data to consider in order 
to show the impact of the ubiquitous computing integration, and to identify emerging issues and 
concerns to more deeply explore that impact. 
Phase Two- Classroom Walk-through Observations 
 The second phase of data collection included analysis of historical walkthrough 
observations conducted by the administrative team during 2012-13 and the 2013-14 school years. 
The district adopted the Power Walkthrough® observation platform in 2012, available through 
McREL (Mid-continent Research for Education and Learning) . The walkthroughs captured how 
both students and teachers used technology from a list of eighteen categories of observable 
classroom technology uses. The administrative team made suggestions for improvement of the 
design of the walkthrough observation form after the first year, and the platform was redesigned 
to include the SAMR model (Puentedura, 2012) in June 2013. This redesign provided a means to 
capture specific detail concerning second-order technology use through radio buttons rather than 
the need to create a narrative. This historical data, available through accessing this web-based 
software, provided information as to how technology use changed over time. The data was 
analyzed in March 2014 and was used to triangulate the questionnaire data in order to compare 
how teachers and students reported their use of technology to that which was observed. 
 The researcher considered utilizing a random sampling of teachers and students for the 
quantitative questionnaire but determined that since access to all was available, including all 
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would provide greater validity of results. The Clarity® questionnaire is the work of Rob 
Mancabelli and his organization Bright Bytes that “provides engaging, cost-effective skill 
assessment and professional development to educators around the world with a mission to create 
21st century classrooms and a belief in the ability of every educator to be tech-savvy” (2013). 
Phase Three- Teacher Interviews 
 The third phase utilized the explanatory mixed method design by conducting personal 
interviews with teachers. Participants were selected based upon content area taught. Participation 
of teachers was voluntary with participants agreeing to be interviewed by the researcher in 
advance of any questioning. Teachers were provided with a full disclosure invitation letter that 
reviewed the purpose of the study and their ability to withdraw at anytime. With consent, 
interviews were audio recorded and later transcribed using voice recognition software. The 
researcher provided each participant a series of open-ended questions that had been refined after 
the pilot. The transcribed text results were uploaded into NVivo 10, a qualitative software tool. 
Emerging themes were identified, summarized, and compared to results from previous studies 
outlined in the literature review to determine if results are reliable, and if new themes emerge. 
Using this mixed method explanatory design, (Creswell, 2008) the researcher dug deeper into 
questions that emerged from the analysis of quantitative data including perceived barriers to 
implementation of classroom instructional technology and factors that contributed to teacher 
decisions for lesson planning designed to utilize technology for teaching and learning.  
Phase Four- Findings and Reporting  
 The final phase of the project occurred in the spring of 2014 with the completed data 
analysis, summary, and reporting out of results. Findings were shared with the Dissertation 
Committee, the School Board, high school staff members, and the community via presentations 
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and website postings (see Figure 3 below for the  timeline). 
Figure 3: Timeline of Data Collection and Analysis 
 
Together we can usher in a new era of student 
Pilot Study Instrumentation 
Pilot Methods 
 According to Krathwohl and Smith (2005), “Pilot studies often show that [the 
researcher’s] preconceptions of a situation differ from what [she] finds in the field” (p. 130). The 
pilot for the study provided an opportunity to test the questionnaire to determine if the specific 
questions surfaced the information sought. The researcher utilized the questionnaire to collect 
qualitative data during a personal interview with teachers outside the school studied. The open-
ended questions were devised after reviewing question structure from samples posted on the 
Project RED website as shared by Project RED schools. Questions were determined as 
anticipated topics needing further explanation and as some that may stem from the quantitative 
data.  
Pilot Data Collection and Analysis 
Two teachers who had experience with ubiquitous computing were interviewed for the 
pilot. One teacher was employed outside the district and the other taught in a different building 
within the school district. These teachers volunteered to participate in the pilot and like the actual 
study, full disclosure of the purpose was shared along with the right to withdraw at anytime. 
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Each teacher was provided with a Pilot Study Consent Form (Appendix D) to sign that outlined 
details about the study and their rights as a participant. The researcher asked the teachers a series 
of pilot open-ended questions (see Appendix E). Interviews were audio recorded with participant 
consent, and were later transcribed using voice recognition software. The transcribed results 
were analyzed for common themes. The questions were analyzed for quality and ease of 
understanding. After analysis, themes were compared to results from previous studies outlined in 
the literature review to determine if results were reliable, and if new themes emerged. 
 
Ethical Considerations 
 
 According to Johnson and Christensen (2008), “Respecting the privacy of research 
participants is at the heart of the conduct of ethical research” (pg. 119).  As such, it is the 
researcher’s responsibility to ensure safety, privacy, and honesty in the process of collecting and 
reporting data. This project involved teachers and students in a high school setting. All 
participants experienced anonymity as they interacted with the project through questionnaires 
and other forms of data collection. Historical data that existed was treated with the same level of 
confidentiality. The topic of the study, technology use and integration to enhance teaching and 
learning, is not one typically considered of a sensitive nature. Questions regarding attitudes 
toward school, learning and technology are those normally considered in school settings and 
should pose no potential physical, emotional, or mental harm to participants.  
The researcher did not use any teacher names, although other general demographic data 
was requested such as content taught, range of years teaching, range of years teaching in the 
school district, and gender. Care was taken by the researcher to consider small groups for whom 
identity could be determined. For example, the school employed only two art teachers, one 
family and consumer science teacher, and two music teachers. In gathering data on content 
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taught, the researcher ensured their anonymity with the option of listing the specific content only 
if they so desired. While reporting of results by department, the researcher grouped these content 
areas together so to protect individual identity. Special care was taken since the researcher was 
also the superintendent. While participation was voluntary, the perception of coercion or any 
possibility that responses could influence evaluation or job security had to be avoided. The 
teacher technology coach and faculty members of the Data and Measurement committee, one of 
the implementation committees, provided assistance in data collection processes to further 
attempt to ensure no discomfort by faculty who may have perceived their participation as a 
potential threat. For example, the faculty chair of the Data and Measurement committee 
organized and communicated procedures for completion of the Clarity® questionnaires that were 
used for historical data. This committee continued to meet with the superintendent/ researcher to 
ensure ethical, participatory research. Historical technology use data related to walkthrough 
observations collected by several individuals on the administrative team were available for 
analysis to demonstrate changes in teacher and classroom behavior over time. While this data 
was stored according to the individual teacher observed, data was sorted and reported in a large 
study size so that no individual was identified. As the researcher utilized qualitative data 
collection, relationships were paramount. Trust was a critical component in data collection. 
Participants were reassured that their responses remained anonymous by the researcher, and that 
no other administrator, including the high school principal and assistant principal who are direct 
evaluators of teachers, would be provided specific information collected from any individual. 
Those selected to participate in face-to-face interviews were assured the same conditions as 
provided for the quantitative data collection: voluntary, with the ability to withdraw at any point. 
Goals, procedures, conditions, and ability to withdraw from participation at any time was 
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communicated to prospective teacher participants through invitations that followed IRB 
guidelines. 
No individual student was identified in any manner. Only historical data from student 
questionnaires was used for this study. Student respondents were anonymous with only general 
demographic information such as grade level requested. Data was sorted and analyzed by study 
sizes that posed no threat of participant identity. No subgroup was small enough to allow for 
identification of individual students. The researcher believed the risk to students was minimal 
and no individual or parental permission was needed since existing historical data was used. 
Since the school district culture involved a data-driven model whereby questionnaires and 
statistical reports regarding student achievement and perceptions were common, this was a 
normal process for the school involved.  
The researcher submitted the research proposal to the university Institutional Review 
Board for review and approval. While the study did not seem to indicate any concern for the 
safety of participants, it did include potential for discomfort on the part of some adult teacher 
participants. Consequently, IRB approval was sought so that the researcher could test her 
protocols against a set of standards to ensure that acceptable levels of ethical standards were 
followed. IRB approval was granted before any part of the study began. 
Summary 
 Using a mixed methods approach in a suburban high school, the researcher analyzed 
historical quantitative data from the administration of questionnaires to teachers and students and 
from walkthrough classroom observation data to explore the impact of a ubiquitous computing 
environment and systemic transformative change in a high school.  Qualitative follow-up, 
utilized a mixed method explanatory design using personal interviews with teachers to further 
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understand the quantitative data results and teacher perceptions of their experiences and beliefs 
related to the phenomenon of ubiquitous computing.   
 Details regarding the site, population, research design and methods, and ethical 
considerations were identified in this chapter. While the focus of the project remain unchanged, 
the researcher adapted qualitative interview questions and attempted to explore the value of 
ubiquitous computing in the systemic transformation of a high school to embrace 21st century 
teaching and learning. Chapter 4 describes the findings and results of the methods employed in 
data collection and analysis. 
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Chapter 4: Findings and Results 
 
Introduction 
 
The purpose of this research was to explore the value of ubiquitous computing in the 
systemic transformation of a high school to embrace 21st century teaching and learning. That 
transformation represents a shift from teacher-centered, textbook-driven, memorization and 
passive student learning, to classrooms where students apply content knowledge in problem-
based activities, demonstrating what they know and can do to solve real world challenges. 
Students engaged in 21st century learning are active learners, while the teacher role transforms to 
one of facilitator, mentor, and guide. Technology serves as a powerful teaching and learning tool 
in the 21st century classroom, with the potential to provide classroom activities that would be 
impossible without these tools. The focus of this study was to determine the value of ubiquitous 
computing toward such transformation. 
Using mixed methods, the researcher analyzed historical student and teacher 
questionnaire data from a suburban high school in eastern Pennsylvania and then conducted face-
to-face personal interviews with faculty members. The interviews included questions that were 
raised by the quantitative data analysis in an attempt to explain the results with greater depth. 
Historical data collected from three semesters of classroom walkthrough observations was also 
analyzed to triangulate the questionnaire and interview data.  
The high school studied implemented a systems-approach to creating a ubiquitous 
computing environment. Recommendations were used from key findings leading to success from 
Project RED, “a large scale national study that demonstrated that schools employing a 1:1 
student-computer ratio and key implementation factors outperformed other schools, and revealed 
significant opportunities for improving education return on investment (ROI) by transforming 
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teaching and learning” (http://www.projectred.org/about/research-overview.html). The school  
had been working to prepare for the creation of the ubiquitous computing environment for 
several years.  All teachers were provided a laptop computer beginning with the 2007-2008 
school year.  Between 2008 and 2011, all classrooms were converted to “smart” classrooms, 
equipped with an interactive whiteboard, LCD projector, and a cart with 30 laptops that was 
shared between a few classrooms. Since 2008,  a vast number of professional development 
opportunities were provided to all teachers on the basics of hardware, software, classroom 
strategies for project-based learning,  21st century skills, the best practices to implement 
technology, and classroom management when using technology. A robust wireless infrastructure 
was installed with continuous upgrades including wireless access points in every classroom and 
common areas throughout the school building. Technology support was made available through 
an electronic help desk, technicians available within the building, and a full-time teacher 
technology coach available to mentor teachers on technology integration. Both outside 
consultants and internal experts had been utilized for additional supports. The administrative 
team and school board of directors modeled technology use, set expectations for classroom use, 
created policies and procedures related to technology, and communicated the importance of this 
21st-century tool for teaching and learning today’s digital students.   
In the spring of 2012, the school board of directors approved a plan to provide every 
student with their own laptop computer for learning. These laptops were distributed for student 
in-school use in October 2012, with the option to take the computers home by December for 
continued access and learning.  
From 2008 to 2014, total district technology expenditures decreased by 27% (see Figure 
4.1). At the same time, infrastructure, hardware, software, professional development and support 
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district-wide increased.  This was made possible through careful analysis of expenditures, 
renegotiation of contracts, staff restructuring, consortium pricing, and district-wide volume 
purchasing. The plan to purchase the student laptops for the 1:1, expanded student laptop 
inventory by about 25% while refreshing all student laptops district-wide, and resulted in a $1 
million dollar savings over four years.  
 
Figure 4.1: District Technology Expenses  
By exploring the value of ubiquitous computing, the research results may  
• influence future decisions made by the board of directors at the school; 
• provide continued stakeholder support for technology related expenditures;  
• provide administrators with the data needed to expect appropriate technology integration 
by teachers;  
• help teachers understand the importance of developing student-centered instructional 
strategies that support the research on the value of technology to today’s learners;  
• support other schools in modeling a systemic approach to ubiquitous computing 
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implementation; 
• inform advanced approaches to ubiquitous computing as a means of teaching and 
learning; and 
• sustain a focus on 21st century teaching and learning. 
Additionally, the results may provide information to help plan future professional development 
and identify factors that may help improve the process of meaningful student-centered activities 
that utilize technology to transform schools. The results will add to the body of research on the 
value of educational technology and its influence on the acquisition of 21st century skills.   
Research Questions 
 The central question of this study was: What is the relationship between ubiquitous 
computing and the systemic transformation of a high school focused on 21st century teaching and 
learning? The assumption was that schools that follow a systemic approach to the 
implementation of a 1:1 computing environment by following the recommendations provided by 
research studies such as Project RED, experience greater success in transforming their school to 
embrace 21st century teaching and learning. Additional questions stemming from the central 
question focused on indicators that affect the transformation to 21st century teaching and learning 
and utilize instructional technology to that end.  The questionnaire data and qualitative 
interviews provided evidence to address these issues. Research questions included: 
1.  To what extent does teacher and student technology use change with the 
implementation of ubiquitous computing?  
2.  What is the relationship between teachers’ technology use in a ubiquitous computing 
environment and the acquisition of 21st century skills? 
3.  When first-order barriers to implementation of classroom instructional technology are 
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removed, what additional factors contribute to teacher decisions to utilize technology 
as a student-centered learning tool? 
  The historical data available from pre and post laptop deployment questionnaires 
completed by teachers and students provided the evidence related to teacher and student 
technology use and the relationship between teachers’ technology use, the acquisition of 21st 
century skills as reported by those involved, and potential first-order and second-order obstacles 
to utilizing technology as a student-centered learning tool. Data collected during walkthrough 
observations supported the findings of the questionnaire data and served to triangulate the 
quantitative results. The follow-up explanatory qualitative interviews with teachers addressed 
questions that resulted from the quantitative data analysis and additional factors contributing to 
teachers’ decisions to utilize instructional classroom technology. 
Research Streams  
 There were three streams to this research study. These included an overview of 21st century 
skills and the need for change, how a systems approach to high school transformation influences 
successful change, and how the creation of a ubiquitous computing environment influences that 
change to transform teaching and learning. An attempt to discover the influences to successful 
change processes, implementation of classroom technology for second-order teaching and 
learning strategies, and ultimately the value of these processes to stakeholders were explored. 
This chapter provides quantitative and qualitative findings of the study to address the research 
questions and to provide evidence to inform future actions. 
Population 
 All students enrolled, and all teachers employed at the high school were asked to complete 
the pre-deployment questionnaire in early October 2012 and again in May 2013, toward the end 
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of the first school year of the 1:1 laptop implementation. The high school administration 
arranged for an extended class period during the regular school day for students to complete the 
questionnaires and teachers were given time during in-service days. Questionnaires were 
administered electronically and anonymously for all participants. Anyone who was absent during 
the completion of the questionnaire was asked to complete it upon returning to school. Make-up 
times were scheduled during study halls or homeroom periods for students. Since there were no 
names collected and no tracking of individual completion, participants voluntarily completed the 
questionnaires. Table 4.1 shows the completion rates for each survey period. 
Participants  Completion Rates- October 2012 
 Completion Rates-  
May 2013 
Total students 935 of 1046 -or - 89% 804 of 1066 -or- 75% 
Total teachers 57 of 66 -or- 86% 54 of 66 -or- 82% 
Table 4.1:  Percent of Students and Teachers Completing Questionnaires 
 
 In reviewing the teacher population, the majority of teachers at the high school were 
considered mid-career with experience in the classroom for 10 to 19 years (see Table 4.2).  
Table 4.2: Teacher’s Years of Classroom Experience 
 
Additionally, for those who indicated the content area they taught, the sample from each round 
of surveying indicated a variety of content areas represented. The total represented exceeds the 
total sample size since several teachers delivered courses in more than one content area (see 
Experience Oct-12 May-13 
0-3 years  7% 9% 
4-9 years 23% 24% 
10-19 years 58% 52% 
20+ years 12% 15% 
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Table 4.3). 
Content Area Oct-12 May-13 
Language Arts 13 13 
Math 11 12 
Science 10 12 
Social Studies 10 12 
Health & Physical Education 7 7 
Special Education 7 8 
Others (World Languages, 
STEM/Tech Ed, FCS, Music, Art, 
Business) 
11 10 
Total ** Note: Some teach more than 
one subject. 72 74 
Table 4.3: Teacher Content Areas Represented in Completed Questionnaires 
Methods 
 A mixed methods approach was used for this study. Historical quantitative data, including 
student and teacher questionnaires was initially analyzed. Follow-up qualitative interviews were 
conducted with teachers to better explain the findings of questionnaire data and to explore their 
thoughts concerning technology use and the transformation to 21st century teaching and learning 
more deeply. Historical classroom walkthrough data was also analyzed to compare that which 
administrators observed with that which students and teachers reported.  
Quantitative Measures 
 The items on the Clarity® student and teacher questionnaires were aligned to the research 
questions in order to show relevancy to the study (Appendix G). The student questionnaire 
included 18 required questions and one optional question. Four questions measured access to 
technology at home and school, five questions rated students’ skills and frequency using 
technology, six questions referenced classroom technology use, and three questions explored the 
classroom environment including goals of using technology and beliefs on its value. Most 
questions were designed with a 5-point Likert scale and provided multiple items under each 
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broader category. The last question gave students an option to share their grade level in school. 
  The teacher questionnaire included 33 questions and was designed in a similar fashion to 
the student questionnaire. Eight of the teacher’s questions pertained to technology access at 
home and school. Five questions investigated teacher technology skills and behaviors, ten 
questions referenced teachers’ classroom strategies and the frequency of use for a variety of 
technologies, and nine questions measured school environment and support for technology along 
with teacher beliefs and professional development opportunities. Optional questions for teachers 
gathered information on grade level and content taught, along with years in teaching. 
 The raw data from the questionnaires was provided to the researcher in Microsoft Excel 
format. In order to complete the data analysis on the questionnaire, responses from the pre and 
post surveys were tallied for each item. Since sample sizes differed, all calculations were 
converted to percentages responding for each variable. T-tests were completed, comparing the 
pre to the post deployment responses.  
    Historical data from walk-through observations was used to compare teacher and student 
technology use from the 2012-13 school year and the 2013-14 school year through April.  The 
researcher used the data collected by building administrators from the Power Walkthrough 
software (Appendix A). This program had been customized to collect information on 18 different 
ways both students and teachers could be observed using technology, along with indicators 
related to the SAMR model (Substitution, Augmentation, Modification, Redefinition) (see 
Figure 2.7).  This analysis was used to determine how technology use changed over time, and in 
an attempt to triangulate the self reported data. 
Qualitative Measures 
  Follow-up personal interviews with seven teachers included their responses to 16 
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predetermined questions (see Appendix H) along with additional questions that probed deeper 
into their responses. The researcher used NVivo 10 software for this analysis in order to identify 
common themes from interviews. The interviews provided additional information to further 
explain the quantitative data. 
Findings 
Quantitative Data 
 In reporting findings, the researcher used the highest option available on each Likert scale 
on the student and questionnaire for analysis. In other words, the following findings analyzed 
only responses such as always, very easy, strongly agree, or excellent, unless otherwise 
indicated. See Appendix I or a complete analysis of questionnaire data. 
 Findings showed that 90.8% of the high school students surveyed in May 2013 indicated 
they used their laptops in class “Almost Daily”, with an additional 7.84% using them at least 
“Weekly” to represent a 98.64% of the students. Student skills in using technology increased in 
nearly every area measured (see Figure 4.2). By May, 2013, 86% of students felt sending email 
was very easy, 64% indicated that collaborating online with documents was very easy, 55% felt 
using web 2.0 tools to gather information was very easy, 71% searched the Internet for 
information all of the time, and 48% strongly agreed that they learn new technologies easily.  
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Figure 4.2: Student Technology Use Change   
 
 
 According to students, by May 2013, 77% felt technology enhanced their learning, 56% 
felt they were more engaged in learning when using technology, and 51% indicated they wanted 
to learn more effective uses of technology for learning.  Frequency of use and classroom 
collaborative activities also increased significantly (see Figure 4.3). 
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Figure 4.3: Student Technology Use in Class and 21st Century Skill Acquisition 
  
 Teachers also reported an increase in classroom student laptop use. By May 2013, 67% 
indicated that students used laptops almost daily, and another 32% reported that students used 
laptops at least weekly, representing 99% of teachers. 
 Teacher skills and usage showed even greater growth than students (see Figure 4.4).  By 
May 2013, teachers reported that 80% could very easily send email, 65% could very easily create 
spreadsheets, and 63% found collaborating online with documents very easy to do. Teacher 
confidence with using technology increased 39% with teachers reporting in May 2013 that they 
strongly agree they learn new technologies easily. Teacher confidence in managing classroom 
technology improved by 41% from October to May (see Figure 4.5). 
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Figure 4.4: Teacher Technology Use Change 
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Figure 4.5: Teacher Classroom Use and 21st Century Skills  
  
 Teacher beliefs also changed during the first year of ubiquitous computing (see Table 4.4). 
By May 2013, 98% of teachers indicated that they felt technology enhanced learning, 87% 
indicated students were more engaged in learning, and 100% indicated they wanted to learn more 
about effective uses of technology for learning.  
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Teachers Belief: agree or strongly agree October May Change 
I learn technology easily. 11% 83% 72% 
When confronted by a technology-related problem, I usually 
find good solutions.  9% 85% 76% 
I easily find new technologies to meet my teaching goals. 9% 76% 67% 
I feel confident managing a classroom where students are 
using technology. 5% 80% 75% 
Technology use in the classroom can enhance student 
learning. 95% 98% 3% 
My learning and my students' learning is more engaging 
when using technology. 60% 87% 27% 
My school encourages technology use for teaching and 
learning. 100% 100% 0% 
I want to learn more about effective technology use for 
teaching and learning. 93% 100% 7% 
I think that computers and technology enhance my daily life. 83% 96% 13% 
Table 4.4: Teacher Beliefs 
 Teachers reported improvement in removing first-order obstacles. In May 72% they rated 
computers as excellent and 61% felt the Internet speed in the school was excellent. Support for 
technology problems was reported to have improved during the first year, with 46% of teachers 
indicating that support for problems that interrupted instruction was excellent, 48% reported that 
answers to routine technology questions was excellent, 44% indicated that hardware repair was 
excellent, and 26% indicated that the average response time for support was within one hour (see 
Figure 4.6).
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Figure 4.6: Potential Obstacles to Classroom Technology Use (Categories rated as excellent, 
within 1 hour, or all of the time)      
 
 Historical walkthrough observation data showed that during the 2012-13 school year, 56% 
of the observations indicated that no technology was being used by teachers and 49% showed no 
student technology use. In the classes where technology was being used, teachers most 
frequently used display tools, showed multimedia presentations, or used interactive whiteboard. 
Students most frequently used calculators, word processing, diagnostic tools, or document 
cameras.  However, 81% of the time administrators indicated that all students were actively 
engaged, and 15% of the walkthroughs showed most students actively engaged.  
  Conversely, during 2013-14, walkthrough observations revealed that teachers used 
technology 52% of the time and student use increased to 72% during observations. Teachers 
most frequently continued to use display tools, showed multimedia presentations, or used 
interactive whiteboard. Students most frequently used web-based research, word processing, 
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multi-media or display tools, calculators and a variety of other activities including music 
creation, digital assessment, and assignments on the Blackboard learning management system. 
Additionally, 2013-14 observations indicated that teachers used the technology according to the 
SAMR model at the Substitution level 53% of the time while students used it as Substitution 
32% of the time. At the Augmentation level, teacher use was at 35% and student use was at 50% 
of the time, and at the Modification level, teachers demonstrated use 12% and students at 18% of 
the time. Redefinition was not observed during the walkthroughs. Due to the ‘hit-or-miss’ nature 
of walkthrough observations, the researcher interviewed the teacher technology coach on how 
classroom technology use had changed. The results of that interview are summarized in the next 
section. 
Qualitative Data 
  
 Seven teachers participated in face-to face-interviews designed to capture their perception 
of the shared phenomenon of teaching and learning in a ubiquitous computing environment. The 
researcher had experienced teaching and learning in ubiquitous computing environment as a 
classroom teacher in the early 2000’s when she facilitated distance learning in a different high 
school and taught through a blended approach, part-time face-to-face and part-time in a digital 
environment. Consequently, as Moustakas (Creswell, 2013) indicates as epoche, she could not 
completely remove herself from the phenomenon. The interviews provided statements from 
teachers that were categorized by the concepts that emerged. Descriptions of what and how the 
teachers experienced ubiquitous computing and the transformation of the high school to 21st 
century teaching and learning, and descriptions of the essence of the experience are conveyed 
below (Creswell, 2013).  Teachers interviewed included one teacher of English, science, math, 
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learning support, the teacher technology coach, and two social studies teachers.  Table 4.5 
provides examples of how technology was used during the 2013-14 school year.  
The teacher technology coach was instrumental in providing specific examples of many 
classroom activities that illustrated the transformation to 21st century teaching and learning. 
Through his work with helping teachers develop student-centered classroom activities that utilize 
technology integration in relevant ways, he has played a critical role in facilitating this change. 
Additionally, the technology coach reported a transformation in his own role as teacher 
technology integration and confidence increased:  
I see an online element has become much more prevalent in classes and kids 
access to information is changing…. I feel that my role in the last couple years was 
very much to introduce a tool and support teachers without them becoming experts 
…but now …when I’m introducing new tools, teachers will take it and run with it. 
And the kids love it… it’s a new activity and it’s so much better and there’s a lot 
more of that. So I feel my role has become more of going out and researching 
things and showing them … and I’m supporting the teacher while they’re teaching 
the lesson. But the big thing that I see in the teachers is how to integrate the 
technology effectively…the biggest thing that I am seeing as a trend in the 
classrooms is …things are starting to get done outside of the classroom... so the 
learning extends beyond the classroom is what I’m getting at. 
Table 4.5 captures a sampling of the classroom activities during the 2013-14 
school year as reported by the technology coach. These represent rich examples of 
the transformation from teacher-centered to student-centered teaching and learning 
strategies. 
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Table 4.5: Examples of Technology Activities in 2013-14  
Content Description 
Civics 
Participated in Google hangout (live interactive videoconferencing) with 
students from Afghanistan and Pakistan, discuss culture, issues, and teen life. In 
teams, created iMovies on Rwanda crisis then combined best parts of each 
team's work to create a compelling video summarizing the situation. Shared with 
all high school students through morning TV studio broadcast. 
Math Used Google maps to locate a favorite ski area anywhere in the world, and then calculated the slope for skiers using math concepts learned in class. 
English 
Used PowToon- to create animated video presentations; collaborated in teams 
with parts of Hamlet and created presentations to summarize events. Posed 
questions to classmates through the cartoon presentation to ensure understanding 
of concepts. 
Spanish Students automatically created study guides in Quizlet and shared with classmates to study for exams. Teachers had not asked or required this strategy. 
Math 
Students were given a town along the east coast and researched tide times and 
moon cycles. After analyzing the data they created a graph in Excel of high tide 
times for a month and then calculated the sinusoidal equation for the cycle. The 
final part was a reflection of the relationship between the location and tides 
down the east coast. All of the student's maps and data were shared on a Google 
map as pin points for all to analyze. 
Tech Ed 
Students did online research on bridge structure and then used a program to 
design their own bridge. A simulation allowed the students to test the bridge 
strength and stresses on the bridge. The students then transferred the design into 
a 3D program and printed the bridge on balsa wood with a laser cutter. They 
then tested the bridges in real life. 
Social 
Studies 
Students were broken into groups and received a Supreme Court case and were 
asked to create a short video to illustrate what happened in the case. Students 
then posted the movie in Blackboard. The class assignment was to watch each 
video and figure out what right and amendment applied in the case. They also 
acted as judge and determined how the case should be judged. The students used 
a journal to respond and answer questions. After that there was a class discussion 
to find out if the students' thinking matched the  results of the real court case. 
English 
Students were given a portion of an act in Hamlet to re-enact by creating a 
movie in their own way using the green screen studio. Students then showed the 
movies to the class and taught them the act. 
Health Students learned about body mechanics and then used an iPad app called Ubersense to show and explain bone and muscle movement. 
English Students used a mind-mapping web 2.0 tool called Bubbl.us to create a character trait mind map. 
Tech Ed 
Students used a program called Lego Mind Storm to learn basic programming. 
The students use drag and drop technology to put together commands to get the 
robot to move through a maze. 
                                                                                                                              (continued) 
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Table 4.5: Examples of Technology Activities in 2013-14 (continued) 
Science 
Students participated in flipped video lessons for the entire Optics unit in 
Physics. Students watched teacher prepared videos at home and completed notes. 
Students would then complete problems in class based on the video lesson. 
Health Students used a web 2.0 tool called Kahoot to review vocabulary about bones in the body. 
Science Students re-created the cell cycle by using any technology they choose to make a movie. They had to creatively show all of the steps in their own way. 
Science 
Students used Labpro in combination with Datalogger to plot data points to find 
the half-life of a radioactive isotope. The information was sent from the 
hardware (Labpro) to the software(Datalogger) on the laptops for students to 
analyze and calculate results. 
Social 
Studies 
Students participated in a Global Skype session with a teacher in Egypt and 
discussed economic freedom in other countries. (4 sessions for Economics) 
Science Students calculate earthquake frequency in eastern Pennsylvania by doing online research of millions of earthquake lessons using excel. 
Math- 
Geometry 
The teacher contacted a father of one of her students who came in and taught the 
students how land surveying works using a transit tool.  
English Students watched a teacher created screencast on citing sources for research papers. Students have access to the video at all times for reference. 
Spanish 
Students used a web 2.0 tool called Socrative (student response system) so the 
teacher could collect data to explain words and concepts the students did not 
understand. 
Computer 
Science 
As a class, students created a school phone App that contained school 
information such as date, the number of the day, announcements, schedules, and 
links to teacher websites. 
Social 
Studies 
Students and teachers used images as primary sources; used an Educational 
Portal and flipped the classroom; researched and created a 10 year plan for 
seniors delivered in iMovie format; Ted talks; current events articles; primary 
sources and educational research to support opinions and links. 
Social 
Studies 
Students created their own documentary film based on a specific decade 
representing the films, TV show, media, fashion, political events, etc.… 
French 
Students created projects about French Impressionist artists using a visual 
element including videos, text, and photos. The visual element could be a Prezi, 
Google docs, presentation, Powtoons, Glogster, etc. Students then added an 
audio element using Garageband or another audio recording program. The 
combination of the two elements created a commercial about an artist. 
Social 
Studies 
Students listened to Vietnam related songs posted on a wiki and reflected on the 
songs by answering questions on a discussion board. Students then read and 
commented on others post and had a class discussion relating the curriculum to 
the media of the time period. 
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Table 4.6 illustrates the frequency and comments given for each interview question. The first 
column identifies the question asked by the researcher; the second column indicates the number 
of teachers who gave similar responses; and the third column show specific comments given.  
Table 4.6: Teacher Interview Comments and Frequency 
Questions:  Regarding 
technology integration and 21st 
century skills: 
# Comments 
How do you feel things are going 
at the high school? What has 
changed? 
7 Really well 
7 More collaboration  
7 Ubiquitous use  /better use of class time 
5 Higher-level and relevancy in lessons 
4 More teacher reflection on lesson planning 
How do you feel about using 
technology in your classroom? 
7 Love it 
7 Increased use  
6 Excitement for teaching and learning 
5 More teachable moments 
Why do you feel it is important to 
use technology? 
7 Teachable moments /instant research 
7 The world has changed 
6 Needed in life and work 
5 Learning more relevant  
4 Students are digital learners 
2 Allows for more differentiation 
What strategies work best to 
maximize student learning? 
7 Problem-based and student-centered  
6 Collaborative  
4 Those engaging multiple intelligences 
3 A mix of traditional and digital  
How do you most often use 
technology in your classroom? 
7 Collaborative activities 
5 Digital literacy 
5 Classroom efficiencies 
3 Simulations and calculations 
3 Multimedia presentations/ creations  
What kinds of things do you ask 
students to do with technology? 
7 Examples of second order change  
7 Student centered activities 
(continued) 
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Table 4.6: Teacher Interview Comments and Frequency (continued) 
Are there things students now do 
automatically without your asking? 
7 Collaboration 
7 Online research 
7 Independent problem solving 
4 Multimedia presentations 
Are you experiencing any obstacles 
or challenges with implementation? 
6 Time 
5 Students who don't take laptops home 
3 Occasional glitches in hardware or software 
3 School filters 
1 Need for more professional development to keep up with change 
Do you integrate technology more 
often or differently than last year? 
7 More often/ Daily 
7 More creative higher-level uses 
Where do most of your lessons fall 
within the SAMR model? 
4 Augmentation and Modification 
3 Substitution and Augmentation 
What other obstacles prevent you 
from integrating technology more? 
6 Time 
2 Policies and filters 
If these were eliminated what else 
would you need to integrate 
technology more? 
4 Nothing 
2 More colleagues using technology & sharing 
1 Deciding on appropriate amount of use 
What else influences your choice to 
use technology? 
5 Desire to motivate and engage students 
3 Deciding best tools for lesson/when to use 
2 Classroom management  
1 Concern over student addiction  
What 21st century skills are students 
developing as a result of the 
ubiquitous computing environment? 
7 Teamwork and collaboration 
7 Critical thinking and problem solving 
7 Creativity   
7 Real world activities  
6 Digital literacy 
4 Flexibility/ Adaptability in using technology 
What else would you like to share? 
3 Continued differentiated professional development and teacher mentors 
2 We are giving our students an advantage 
2 Can't imagine teaching without these tools  
1 Need for social consciousness 
1 Teachers can help each other learn 
1 
Disconnect between 21st-century learning and state 
and national mandates – not everything valuable is 
easily measured  
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 Several themes emerged from the teacher interviews.  Student 21st century skill 
development was referenced 248 times.  All seven teachers most often mentioned collaboration, 
real-world activities or simulations, and critical thinking and problem solving as skills as being 
developed in students. (see Table 4.7) 
Teacher Comments on Collaboration, Critical Thinking and Real-World Activities 
“...they are doing a lot of online collaboration… a lot of it …. I have a class that decided 
to take the last reading and [summarize] it on a Google Doc and I think that is brilliant… 
because of that, there’s been a bigger shift to change. Because it’s making a lot of 
teachers pay a lot more attention to the kind of tasks they assign to their students because 
they know that their students are going to collaborate. So they are going to select 
something that is meaningful in collaboration instead of just sharing answers” 
“The collaborative nature of projects has gone up a lot. Students are not learning directly 
from textbooks as much anymore. They are learning more current events and how to apply 
and use the information” 
“Students are not wasting time taking notes anymore because there are plenty of times 
that I just say take a picture of what I have on the board and then you can just type in, or I 
uploaded the Keynote so you can pull it up and type in anything you need to add, so I hope 
it is encouraging deeper critical thinking because they are not wasting time literally 
transcribing. I think that has impacted learning because now we can get to the good stuff. 
We can talk about what you read instead of type it or write it”   
“… it makes them independent learners. That’s the best thing. We don’t want drones. 
Show them how to do that, show them how to look stuff up, show them how to keep being 
continuous learners and that is the greatest thing about showing them how to use a 
computer"    
“… the major benefit … is having students with disabilities, students who struggle… it’s 
helping them to be more responsible... because it is a real life skill to take responsibility 
for yourself. It’s a real-world skill” 
 “…being comfortable with doing things online,  being comfortable by yourself figuring 
out how things work, being able to look at a contract or look at reviews, being a good 
consumer, social consciousness, where does it go, how does it work, balancing the budget, 
being collaborative both in work and at home. I think it’s needed. I foresee every school 
going into it because what workplace today doesn’t have computers? Everyone has to be  
digitally literate” 
Table 4.7: Teacher Quotes on Collaboration, Critical thinking, and Real-world Skills  
 Five or six teachers ranked communication, specific technology use, and knowledge in 
core content areas through the use of technology as showing significant gains. Four of the seven 
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teachers interviewed also found students were developing skills in making global connections, 
enhancing creativity and digital citizenship, and in learning to be flexible and agile when using 
hardware and software. Comments included: “I do believe that in terms of how to be responsible, 
global access, how to get access from a global perspective, having a global consciousness, starts 
playing in for students to understand when you do have them research”; “ Things are starting to 
connect outside of our building. One class is connecting overseas, and others are starting to see 
the potential of viewing the opinions of other people and are watching videos from across the 
world. I think there will be a big trend in learning globally which is another 21st century skill that 
they are not going to be spoon-fed anymore”.  
  Teachers identified very few first-order obstacles to integrating technology into their 
classes.  All seven teachers indicated that the infrastructure, support, expectations, and tools were 
readily available and functioning well.  Time was the most prevalent obstacle to integration 
being referenced by six teachers 85 times.  Teachers most commonly noted that they needed 
more time to collaborate with each other and to share best practices for integrating the 
technology.  They also indicated a desire to have more time to practice using technology, and 
shared their feelings that while more valuable, student-centered activities that utilize technology 
as a powerful learning tool require more classroom time. 
 Five of the seven teachers interviewed noted at various times during questioning, a desire 
and need for continuous differentiated professional development in order to stay abreast of the 
constant changes in technology and to learn about new tools as they become available.  
 Four teachers indicated that an obstacle to fully maximizing technology was a result of 
some students not taking the laptops home. They found it difficult to set equitable expectations 
for students when some did not have the tools after school hours. However, they also indicated 
 96 
that for the majority of students who are taking the laptops home, learning was significantly 
increasing outside of the school day. A few teachers identified school filters or policies, their 
own classroom management skills, and state accountability for content tested, as obstacles to 
more fully integrating the technology. 
 The teachers identified reasons why integrating technology was important. All 
acknowledged that the world has changed and indicated that students are different as digital 
learners than they have experienced in the past. One teacher noted: 
 I had my kids doing multimedia projects ...and I did not have to teach anybody 
how to do a video. So the [class] video editor put together an iMovie with some 
tips on how to use iMovie and editing that the kids could refer to…a lot of them 
do it at home. So that has changed from when I got here six years ago.  There 
would be a handful of kids in the class that would know what to do, but a lot of 
kids didn’t know and now they do… They don’t need my help with the 
management of the online documents. Again in iMovie it is no issue. I say we’re 
going to make an iMovie and it’s automatic and yes, I know how to find video 
and yes, I know how to find songs. If there is a task or an assignment, I say take 
out your iCal or your iPhone and make note. I don’t think anyone is using their 
[paper planners] anymore. That is how they’re managing and that is where the 
technology is totally ubiquitous in that way. 
Six teachers indicated the benefit of teachable moments and students’ ability to quickly research 
answers to any question raised in the classroom.  Five teachers felt that students are finding their 
learning more relevant when using technology and six noted that students are able to transfer that 
learning to other classes and to their lives outside of school. One teacher explained, “Last year 
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the kids did a video on Naviance and I tweeted it and I found that Naviance had Twitter so I 
noted that, and then they re-tweeted it. So a kid in high school in Pennsylvania made a video 
about a [software] company and then it was seen and re-tweeted by the company and it was seen 
worldwide…the school counselor called me and said, “Some school just called me because they 
saw this video and they wanted to know how we were using the software program”. The teacher 
went on to note, “A student just wrote an article on the Olympics and she happens to be friends 
with several members of the skating team. So we published it, she tweeted it, they re-tweeted it, 
so now all Olympians are seeing the article that she wrote about the Olympics”. Another teacher 
described, “For one video we took the best parts of different videos and created one video to 
share with Afghanistan and Pakistan [students] and posted it in the Google Plus community. In 
years past, [regarding] the genocide in Rwanda, we made a video that aired on the television 
within the school. Recently students were asked to create videos using the green screen where 
they were the President and they were tasked with a crisis and they had to respond and write a 
speech and so forth”. 
 Five of the seven teachers shared their frustration with peers who are resistant to using the 
technology. (See Table 4.8)  
Table 4.8: Teacher Frustrations with Colleagues 
Teacher Comments Regarding Frustrations with Colleagues 
“I look at our in-services and some of my colleagues don’t take good advantage of the 
time that we had and understand why planning for those is important” 
“I feel as though when some teachers first use technology, they give a tool to the class, 
and the kids use the tool and they give no guidance or no structure and then they say, “See 
the technology did not work. The kids are just messing around”… You still need to 
consider your pedagogy and the content knowledge and how to teach it, how to present it 
and tie it all together” 
                                                                                                                            (continued) 
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Table 4.8: Teacher Frustrations with Colleagues (continued) 
“I guess I feel like more of my colleagues need to use it and that would make my job 
easier. And so I’ve encouraged, and I’ve helped people at getting things set up and 
showing them the power of some of the things that we’re doing. It’s not all that hard to 
implement.... Now we are all moving together in the same direction. So I want to continue 
to be a model for my colleagues and try to encourage other people to use it”    
“… and there is also the 10% of the staff who doesn’t want to do it regardless of what you 
do, and you have to force them into doing it…if you go into a room full of teachers who 
don’t think technology impacts learning and you can spend the next hour and there’s no 
point. They are not hearing it, and if they are not hearing it they are not going to go back 
and take time to create this lesson. And there was a teacher the other day that was really 
angry about what we were trying to do, and I thought, “You really don’t understand what 
we are trying to do here”, … for people who are comfortable, we don’t even see that as a 
potential threat because it seems so irrational, but it’s there for some of the teachers” 
“There is some resistance in some areas, but people need to realize what we are trying to 
do. We can’t lose track of what we’re trying to do and it isn’t about trying to make 
anyone’s life miserable. We need to focus on the kids” 
 
“…a lot of our teacher colleagues that are using it are not the vocal ones. They are not as 
inclined to share what they’re doing, not because they don’t believe in it, that’s just not 
them. So getting more people on board is going to be an important thing” 
 
“We need more of us willing to help each other” 
 
  
 All of the teachers interviewed indicated an increase use of technology in the classroom, 
along with the shift in how the technology is being utilized.  Technology is helping to transform 
the classroom from rote memorization to higher-level and critical thinking activities that actively 
engage students in their own learning. (see Table 4.9) 
Table 4.9: Teacher Comments on Higher-level Thinking and Increased Use 
Teacher Comments on Higher-level Thinking and Increased Use 
“I’m not going to give kids anything to do for homework that I wouldn’t expect them to 
talk to somebody else about, because I want them to learn, not just give them a worksheet 
where they fill in the answers. If they can Google it, it doesn’t go on my test. Otherwise it’s 
just an answer. I’m seeing that as a transformation” 
                                                                                                                           (continued) 
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Table 4.9: Teacher Comments on Higher-level Thinking and Increased Use (continued) 
“I am definitely integrating the technology more now than before. And here is why. I can 
rely on them to do it at home now, where before I had to do everything in class” 
“I think one thing that’s been exciting for me is that since the 1:1 went into place, … 
teachers who might not have normally used technology understand that there’s more of an 
expectation to do something with it…there’s been less kids saying, ‘I only do technology 
with this teacher or that teacher’. Everybody is doing something at some point” 
 
 
 Every teacher interviewed, explained how the technology is changing their professional 
and collegial practice. All provided rich examples of their views. Table 4.10 highlights some of 
these comments. 
Table 4.10: Teacher Comments Regarding Changes in Their Practice 
Teacher Comments on Transforming Practices 
“It has opened up a lot of opportunity …with every student having their laptop…  I pretty 
much post everything, all assignments to my website, so kids know where to go to find that 
information” 
“…just the collaborative nature and sharing ideas. I think we are doing it better this year 
than before with our common planning time that I think will help with teacher knowledge 
of just what’s out there” 
“… it’s not about knowing how to use the equipment. It’s more about having the time to 
share among each other or to explore all of the valuable resources that are out there that 
we could be using. I know I’m not an expert at using the technology, but I’m also willing 
to do more with it. It’s always good to stay up with the times and continue to learn along 
with the kids” 
“I like exploring the different things that I can ask the kids to do and I’m always open to 
new things. Just when I think I know everything, I find 10 more things that I need to learn 
how to do with this, so that’s been really cool” 
“I like that I have figured out ways for them to talk to the text on the screen. I can show 
them how they can highlight and annotate websites and all sorts of different things that 
they can use. So yeah, I’m still learning. I still have some ideas of things that I want to try 
and I’m constantly thinking about how do I take everything that I’ve done for the past 
years and turn it into more 21st century model of what kids should be doing in the 
classroom”                                                                                                         (continued) 
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Table 4.10: Teacher Comments Regarding Changes in Their Practice (continued) 
 
“What’s nice is that I used to do a lot more creating of materials and now when you have 
the Internet in front of you there’s so many things out there that have already been done 
that I can find them and I can import them into Blackboard... and I don’t have to re-create 
the wheel. So there’s lots more collaboration between teachers, not just in this building, 
but teachers everywhere” 
“PowerPoint is up there. Homework is up there, somewhere online. So the access to 
everything is there” 
“I don’t have to convince kids of anything anymore. I don’t have to tell a compelling story 
to get them to care about what is happening in Ukraine. I find links and post them and say 
you are taking six minutes to go through the photo journals. …I know the resources online 
are making everything richer and more engaging and more interesting. I don’t have to 
vividly paint a picture for you anymore I will just take you to the New York Times and you 
can read about yourself or watch this 12 minute clip or whatever, so I don’t know how we 
taught especially something contemporary like this, before we had the technology” 
 
“I consider myself a very tech savvy person. If there is something new I will try it. I am not 
afraid of the hiccups that come along with it. I can troubleshoot a ton of stuff as it is, so 
I’m already there. The technology does not intimidate me. When we are introduced to 
something new, I am going to try it and troubleshoot things without any assistance. So that 
is why I feel there are not any problems because I can overcome those. So as far as the 
instructional piece though, if we can find more ways to utilize it I’m not afraid to do that” 
“…it is still constantly getting you to think about new possibilities so that is the important 
part about the technology” 
“Teachers are being much more reflective and thinking a lot about what kind of lessons 
they are putting together and what they can do and what the possibilities are, of what’s 
out there, and what they could do with their lessons.  There’s a whole lot of thinking and 
planning and researching going on about what we have been doing and what we can do 
now as we move into the future.  It really has a lot of teachers looking at everything they 
do, and trying to come up with ways to completely utilize the technology” 
 
Results 
Analysis of Data 
 This chapter presented a summary of findings from historical student and teacher 
questionnaires and walkthrough observation data along with deeper explanations presented from 
the voices of a representative group of high school teachers experiencing the phenomenon of 
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ubiquitous computing.  This section presents analysis of that data as it relates to the research 
questions. 
Research Question #1 
 Research question #1 explored the extent to which teacher and student technology use 
changed with the implementation of ubiquitous computing. As indicated in Appendix G, 
questions numbered 1, 7-9, 11-14 on the student questionnaire and questions numbered 4, 11-20, 
28, and 32 on the teacher questionnaire, related to how technology use changed with the 1:1.  
Figure 4.2 (p. 81) illustrates how student technology use changed and represented a significant 
statistical impact with one-tailed t-tests comparing pre and post questionnaire data showing  
p = .0006. Teacher technology use also changed as shown in Figure 4.4 with t-tests resulting in  
p = .0003. Walkthrough observation data supported these findings by showing an 8% increase in 
teacher technology use and a 21% increase in student technology use observed in the classroom. 
Additionally, teachers provided instances during interviews that technology use increased for 
both teachers and students, and that the manner in which it was used was transforming to become 
truly ubiquitous. Many examples of second-order changes in classroom activities were provided 
and are documented in Tables 4.5, (p. 90) 4.9 (p. 97), and 4.10 (p. 98). 
 Research Question #2 
 Question #2 examined the relationship between teachers’ technology use in a ubiquitous 
computing environment and the acquisition of 21st century skills. Questions numbered 5-15, and 
17 on the student questionnaire and 9-21, 23, 28, and 32 on the teacher questionnaire addressed 
question #2. Again, student 21st century skills showed significant improvement with increased 
use, comparing pre to post t-tests showing p = .03. Teachers’ 21st century skills improved  
(p = .007) as they transformed their classrooms to 21st century learning environs. Walkthrough 
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observation data indicated that teachers’ most common use of technology was at the Substitution 
level (53%) on the SAMR ladder, with the rest at the Augmentation and Modification levels 
(47%). Of the seven teachers interviewed, three rated their use at Substitution to Augmentation 
and four rated their use at Augmentation to Modification. Students were observed at slightly 
higher levels on SAMR with 32% at Substitution and 68% at Augmentation and Modification. 
Teacher interviews also highlighted the increase in 21st century skills. All teachers interviewed 
referenced learning and innovation skills including collaboration, critical thinking, 
communication, and creativity extensively. Additional examples of information, media and 
technology skills; life and career skills; and core content were noted as improving through 
specific examples of activities that occurred both within and outside of the classroom. Tables 4.5 
(p. 90), 4.6 (p. 91), and Table 4.10 (p. 98) illustrate these activities. 
Research Question #3 
 Question #3 considered additional factors that contribute to teacher decisions to utilize 
technology as a student-centered learning tool when first-order barriers to implementation of 
classroom instructional technology are removed. Questions numbered 2-3, 16, and 18 on the 
student questionnaire and numbers 2-3, 5-8, 22, 24- 27, and 29-31 on the teacher questionnaire 
dealt with first- and second-order barriers and change. First-order barriers have been eliminated 
as evidenced by technical support and access improvements. Figure 4.5 (p. 84) shows significant 
improvement of these areas with t-tests resulting in p = .00009. During interviews, teachers 
reported that lack of time was the most significant obstacle to greater integration of technology 
and that continued differentiated professional development is also needed. While teacher beliefs 
related to the value of educational technology improved significantly as illustrated in Table 4.4 
(p. 90), interviews revealed teacher frustration with colleagues who resist the integration of 
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technology and 21st century changes in teaching and learning. Table 4.8 (p. 96) captures some of 
their frustrations. When teachers were asked what additional factors contributed to their lesson 
planning and whether or not to use technology, the most common consideration (5 out of 7 
teachers, or 71%) was to plan activities to motivate and engage students. While the questionnaire 
showed significant improvement in classroom management of technology (over 40 % 
improvement), two teachers still expressed concerns over this along with one expressing 
concerns about student’s addiction to technology. Three of the seven, or 43% of teachers 
interviewed explained that the goals of the lesson were a main consideration and planning for the 
best resources to deliver each lesson were considered. This included decisions on whether or not 
to use technology. 
Reliability and Validity 
 This study utilized a mixed method approach to data collection including quantitative and 
qualitative measure. In doing so, the assumption was that each mode of data would validate the 
other. A pilot study conducted to test the interview questions was designed to assess the question 
protocol to ensure validity and reliability of the instrument (see Appendix D). 
 The Clarity® questionnaire used to collect the quantitative data has been shown to be 
reliable as a commercial psychometric instrument that has been used in thousands of schools 
nationwide. According to the Chief Learning Officer & Director of Bright Bytes Labs regarding 
the Clarity® questionnaire: “In terms of our Cronbach's alpha score, it is at or above the 
recommended .70 level. We work closely with a psychometrician from MIT. She has confirmed 
this level of reliability in her analyses” (Allen, G. 2013, personal email). 
 The McREL Power Walkthrough® a digital observation platform was developed by 
McREL International, a private, nonprofit, nonpartisan education research and development 
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corporation. According to a Senior Consultant at McREL, “Over 950,000 walkthroughs have 
been conducted and uploaded since Power Walkthrough started in November 2008. There are 
Power Walkthrough users in 33 U.S. states and 11 countries. Our template is based on McREL's 
Classroom Instruction that Works, 2nd Edition research-based strategies” (Maxwell, L. 2014, 
personal email). 
Summary 
 The findings and results provided in Chapter 4 show an alignment with the research 
questions and provide ample evidence of school transformation to 21st century teaching and 
learning using technology in a ubiquitous environment. In Chapter 5, an interpretation of the 
findings and results will be shared, along with conclusions and recommended actions to support 
continued progress. 
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Chapter 5: Interpretation, Conclusions and Recommendations 
Introduction 
 The purpose of this chapter is to provide a summary of the mixed methods study on the 
transformation of a high school to a 21st century teaching and learning environment by utilizing 
ubiquitous computing. This chapter is divided into three sections including an overview of the 
study with connections to the literature review and methodologies used; interpretations of the 
results; and conclusions and recommendations for further actions toward continuous 
improvement along with general recommendations for school districts interested in ubiquitous 
computing and the transformation to 21st century teaching and learning. 
Overview of the Study 
 According to Sugata Mitra, in his TED 2013 Winning Talk  
(http://youtu.be/zpcEpmNbHds), our current school system originated over 300 years ago with 
the Victorian Empire, and while our bureaucratic system has demonstrated little change, the way 
students learn has transformed dramatically. The literature review from Chapter 2 revealed that 
many business and education leaders are now calling for a significant overhaul to US education 
to bring it in line with the 21st century and technology is driving much of the change required 
(Christensen, 2008; Fullan, et al., 2006; Goodwin, et al., 2011; Jacobs, 2010; Prensky, 2005; 
Schwahn & McGarvey, 2011; Zhao, 2009). Some stakeholders question school leaders’ efforts to 
implement ubiquitous computing environments, expressing concern for high costs and 
sustainability. Early studies of such projects showed mixed results and often used standardized 
exams as the primary measure of student achievement and impact of technology for teaching and 
learning (Rockman, 2003; Lowther, et al., 2003; Sivernail, et al., 2004; Silvernail, et al., 2008). 
More recently, studies emerged to show that a systems approach to technology implementation 
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results in greater success (Blattner, 2012; Boardman, 2012; Brodzik, 2012, Bryk, 2010; Keengwe 
& Schnellert, 2012; Greaves, et al., 2012; Mancabelli & Richardson, 2011; Saurers, 2012; Senge 
2008; Weston & Bain, 2010; Wirt, 2012), and that the gains move beyond test scores to critical 
skills needed for 21st century living, learning, and work (AMA, 2010; Blattner, 2012; Bodell, 
2012; Bonk, 2009; Evans, 2013; Friedman, 2011; Fullan, 2011; Goodwin, et al., 2011; Pink, 
2009; Puentedura, 2013; US DoE, 2010; Yuan-Hsuan, et al., 2013; Zhao, 2009). 
 The school that is the focus of this study embarked on a journey to transform to 21st 
century teaching and learning using the implementation of a ubiquitous computing environment 
as a critical catalyst for change. By utilizing the research on successful 1:1 implementations, the 
need for 21st century teaching and learning, a systems approach, and through measurement of 
results, the school proposed to demonstrate positive outcomes of its investment. The purpose of 
this study was to provide evidence of those outcomes. Informing stakeholders of positive 
outcomes may dispel misconceptions regarding the value of technology to teaching and learning.  
The study may also provide continued local support for the changes needed for 21st century 
teaching and learning in order to better prepare students for their future in a creative and 
collaborative global society.  
 The findings of the study are based on historical pre and post student and teacher 
questionnaires, administrator walkthrough observations, and personal interviews with teachers in 
a high school in eastern Pennsylvania. The conclusions address the research questions including 
the primary question: What is the relationship between ubiquitous computing and the systemic 
transformation of a high school focused on 21st century teaching and learning? 
Sub-questions included: 
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1.  To what extent does teacher and student technology use change with the 
implementation of ubiquitous computing?  
2.  What is the relationship between teachers’ technology use in a ubiquitous computing 
environment and the acquisition of 21st century skills? 
3. When first-order barriers to implementation of classroom instructional technology are 
removed, what additional factors contribute to teacher decisions to utilize technology 
as a student-centered learning tool? 
 The researcher’s conclusions are informed by the literature review from Chapter 2 and 
result from the data collected and analyzed as described in Chapter 4. 
Methodology and Data Analysis 
  Mixed methods were used for this study. These included quantitative data collected from 
historical student and teacher pre and post questionnaires and from walkthrough observation data 
collected by administrators. The Clarity® questionnaire available through Bright Bytes, was 
administered to students and teachers in October 2012 before laptops were deployed to all high 
school students grades 9-12 and again in May 2013 to capture changes to teaching and learning 
that occurred during the first year of the implementation. A customized version of the McREL® 
Power Walkthrough software platform was used to collect observation data during the 2012 
through 2014 school years in order to triangulate the self-reported questionnaire data. Follow-up 
interviews were conducted with seven teacher volunteers who represented a variety of subjects 
and years in education, in order to collect qualitative data. This data was intended to more deeply 
explain the quantitative results and to answer the third sub-question. 
Outcomes of the Study in Relation to the Literature Review 
 The results of the study were intended to show the relationship and impact of a ubiquitous 
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computing environment on the transformation to 21st century teaching and learning. According 
to the literature review, a systems approach to implementation that provides clear goals and 
expectations supported by visionary leaders and stakeholders; adequate technology, 
infrastructure, and other technical and pedagogical supports; and meaningful ongoing 
professional development to transform classroom strategies from teacher-centered to student-
centered learning provides positive results. At the same time, successful implementation 
strategies demonstrate the undeniable benefit that technology brings to student learning, 
increased student engagement and motivation in school, long-term savings, and improved 
efficiencies (Cavanaugh, et al. 2011; Hedberg, 2101; Jing & Zhao, 2008; Lee, et al., 2011; 
Meyers & Brandt, 2010; Oliver & Corn, 2008; Silvernail, et al., 2008). The school utilized a 
systems approach by involving all teachers and administrators in the planning and rollout. They 
gained stakeholder support; created a communication plan that included electronic, face-to-face, 
and written communication to parents and students along with postings of goals, policies, and 
procedures to the district web-site; ensured that first-order barriers were removed; and planned 
for on-going professional development and support.  
 The results of the study support previous findings that demonstrated significant gains in 
student and teacher technology use, increases in technology and 21st century skills and 
confidence using technology, and showed a dynamic movement from teacher-centered learning 
activities to student-centered learning activities. Within the first eight months of implementation, 
87% of teachers agreed or strongly agreed that they found their learning and students’ learning 
more engaging. This represented a 27% increase from pre deployment beliefs. By the end of year 
one, 100% of the high school teachers reported that they wanted to learn more about effectively 
using technology for teaching and learning, and 98% felt technology use can enhance student 
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learning. Interviews with teachers were very compelling regarding the transformation to 21st 
century teaching and learning. Teachers cited numerous examples of lessons and activities that 
promoted 21st century skills, most frequently the 4 C’s: collaboration, communication, creativity 
and critical thinking. Teachers expressed excitement in their own learning and in teaching in a 
manner that engaged and motivated their students. They described that learning had become 
deeper and more meaningful as it moved away from traditional methods toward more authentic. 
Teachers explained how they were using more real-world classroom strategies that required 
students to problem solve and apply their knowledge. They all believed the implementation was 
very successful. 
 Teachers indicated that time and ongoing differentiated professional development were 
their greatest needs to continue improving. This also supports the research that shows that time to 
collaborate and professional development needed for teachers is an on-going need (An & 
Reigeluth, 2012; Harris & Hofer, 2011; Harris, Mishra, & Koehler, 2009; Koehler & Mishra, 
2009; Koehler & Mishra, 2005; Nelson, Christopher, & Mims, 2009; Pope, et al., 2011). 
 Frustrations were expressed by teachers, targeted at colleagues who demonstrated 
resistance to embracing technology and the need for 21st century teaching and learning. They 
indicated their willingness to help teach and mentor their colleagues, and the need for everyone 
to focus on preparing students for their future.  These themes are also supported by previous 
studies, noting the importance of systemic supports, professional development, and the necessary 
role teachers’ play in transforming schools (Christensen & Raynor, 2003; Hedberg, 2011; Hew 
& Brush, 2006; Lu & Overbaugh, 2009; Palak & Walls, 2009). 
Summary of Findings and Conclusions 
 Students and teachers from the eastern Pennsylvania high school examined in this study 
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provided a great deal of information regarding their perceptions on ubiquitous computing, 21st 
century teaching and learning, first and second-order obstacles and the transformation to student-
centered teaching and learning. Administrator walkthrough observations validated student and 
teacher self-reported classroom behaviors. The voices of the teachers described a compelling 
story that supports prior studies. Teachers provided specific examples of their journey to creating 
student-centered learning. They described their teaching and learning to be rich in creative 
problem solving, critical thinking, collaboration and communication skills. The literature review 
supports these teaching and learning characteristics as we move further into a 21st century global 
society (Bonk, 2009; Christensen, et al., 2008; Freidman, 2011; Pink, 2009; Puentedura, 2009; 
Schwahn & McGarvey, 2011; Zhao, 2009). 
 Students and teachers, through the successes reported, confirmed that utilizing a systems 
approach to transformation and to the implementation of ubiquitous computing are creating 
positive returns on the investment. Of the sample of teachers interviewed, 100% indicated the 
use of classroom technology was going really well, that they loved teaching in the new 
environment, and that they were experiencing significantly more collaboration between teachers 
and students. All reported that use of technology had increased and that the technology allowed 
for efficiencies in the use of classroom time, providing for deeper and more relevant learning. 
They all also reported that today’s digital learners experience life and learning much differently 
than in the past, and are more engaged when using the tools toward which they are drawn, 
ubiquitous computing. All teachers acknowledged that we live in a very different world driven 
by global forces, and that in order to adequately prepare students for their future, technology 
must continue to transform schooling.   
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Recommendations 
 The recommendations suggested below are informed by the literature review and the 
findings and results of the data collected in this study. They are divided into three sections. The 
first represents recommendations for the school involved to continue the process of 
transformation to 21st century teaching and learning. The second section addresses 
recommendations for school districts interested in implementing 1:1 computing environments to 
transform teaching and learning to meet 21st century needs.  The third section makes 
recommendations for further research to continue the study of best practices and pragmatic 
approaches to schooling in order to prepare students for a changing global society. 
Recommendations for Continuous Improvement 
 Evidence supports the path the school involved has taken toward transforming teaching and 
learning. In order to continue to improve, the researcher recommends: 
• continued measurement and analysis of stakeholder perceptions, student and teacher 
achievement, classroom and other behaviors; 
• further investigation through face to face interviews of high school students perceptions to 
gain a deeper understanding of their thoughts concerning ubiquitous computing and 21st 
century teaching and learning; 
• maintaining all structures and supports currently in place and updating technology systems 
as new technologies and practices emerge;  
• continued study of new models and structures for 21st century teaching and learning in 
order to remain abreast of cutting edge customized learning systems that maximize digital 
tools for teaching and learning; 
• a focus on collaborative professional learning teams for shared learning, mentoring and 
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coaching; 
• continued flexibility to provide time for both student and teacher collaboration within and 
outside of the school;  
• continued analysis of budgets to identify ways to save additional funds for sustainability of 
ubiquitous computing; 
•  continued exploration and use of open source digital tools, paperless solutions, and 
emerging technologies that continue to be more powerful, smaller, and less expensive; 
and 
• the creation of assessment strategies to better measure 21st century skills in addition to 
foundational content knowledge while using technology. 
 While the early successes of ubiquitous computing are evident, it will be important for the 
school to maintain and expand the systems approach so that continuous improvement can be 
realized. To maintain community support, it may be imperative for the community to see 
improvements through the measurement of student achievement in 21st century skills through 
authentic assessment techniques, and application of content through standardized exams over 
time. While state standardized exams were not used in the study, primarily due to the transition 
from PA State Standards and PSSA assessments to PA Common Core Standards and Keystone 
end of course exams, the student results on such exams may provide additional evidence of the 
relationship of ubiquitous computing to the transformation to 21st century teaching and learning. 
 Quantitative and qualitative evidence collected during the study illustrated a transformation 
to 21st century teaching and learning, the emergence of internal experts, and a strong desire from 
the teachers interviewed to support their peers through coaching and mentoring. Teacher 
concerns and frustrations regarding peers who lagged in or resisted the integration of technology 
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was a finding that was not anticipated by the researcher. Teacher willingness to help peers 
represents a significant finding that demonstrates their own transformation to characteristics of 
21st century work. Eras of teacher isolation and total classroom autonomy are dissolving, making 
way for collaboration through professional communities that support each other in designing 
classrooms to better meet digital learners’ needs. The district should capitalize on this 
momentum by creating structures that provide greater opportunities for teacher experts to support 
their peers’ professional development.  
Recommendations for School Districts 
 As indicated in the literature review and in the results of this study, approaching school 
transformation to 21st century teaching and learning utilizing ubiquitous computing may provide 
excellent results when a systems approach is followed. Schools interested in such work should 
research various models and select one that has identified critical factors that provide evidence of 
success. Most of these models call for similar factors including: 
• clearly articulated vision, goals, and expectations; 
• leaders who understand the mission and create supporting policies and procedures;  
• teacher and stakeholder support and engagement; 
• reliable supports for technology infrastructure, hardware, software, and training; 
• connections between technology, pedagogy, and 21st century skills; and 
• an ongoing measurement plan to analyze results. 
 In embracing a transformation to 21st century teaching and learning, school leaders must 
recognize that change of this magnitude takes time and that change management skills are 
important to ensure success. Each institution creates its own culture and that particular culture 
and climate plays a critical role in the outcomes and speed of change. 
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Recommendations for Further Study 
 Early studies of ubiquitous computing provided evidence with mixed results. Early 
adopters often experimented with the implementation of technology without considering success 
factors needed. Over time as school leaders have studied successful programs, common critical 
success factors and positive results have emerged. In order to continue to study the relationship 
between ubiquitous computing and the transformation to 21st century teaching and learning, the 
researcher recommends: 
• further study in the measurement of 21st century learning and skills;  
• best classroom practices that result in improved student achievement;  
• continued best practices for successful implementation models;  
• how schools with different demographics and fewer resources can replicate similar results; 
and  
• successful strategies for professional development for teaching and learning in the 21st 
century. 
Summary 
Nearly a decade ago, the school studied began a journey toward transformation to 21st century 
teaching and learning by envisioning a ubiquitous computing environment. Through a strategic 
process, critical success factors were implemented over time. However, an important factor that 
had not yet been implemented was the measurement of results to identify the relationship 
technology had on the transformation to 21st century teaching and learning. This study provides 
the evidence needed to present that relationship, and the changes to student and teacher 
technology use, 21st century skills, and teachers’ decisions to utilize technology for student-
centered learning. The results are statistically significant.  Consequently, student-centered 
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learning activities are emerging that engage, motivate, and inspire students to develop skills 
needed for 21st century living, learning, and work in a global society where technology is driving 
change. 
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Appendix A 
 
McREL Power Walkthrough®  
Customized High School Walkthrough Template for Technology Use 
Observer Name Teacher Name 
Start Date End Date 
Grade Content Area 
Safety/Behavior Segment of Class 
Concerns:   Number of students in classroom: 
Class goal or objective is shared with class and/or posted: 
  
Teacher Directed Technology: select Student Directed Technology: select 
None None 
Brainstorming/Idea Mapping Software Brainstorming/Idea Mapping Software 
Calculator Calculator 
Clickers Clickers 
Collaborative application Collaborative application 
Communication tool Communication tool 
Data collection tool Data collection tool 
Diagnostic/prescriptive system Diagnostic/prescriptive system 
Display tool Display tool 
Interactive whiteboard Interactive whiteboard 
Educational game Educational game 
Multimedia (showing) Multimedia (showing) 
Multimedia (watching) Multimedia (watching) 
Spreadsheet Spreadsheet 
Virtual manipulative Virtual manipulative 
Web-based research Web-based research 
Word processing Word processing 
Document Camera Document Camera 
iPad iPad 
iPod iPod 
Other (make note) Other (make note) 
Teacher SAMR- how is teacher using technology? Student SAMR- how are students using technology? 
Substitution Substitution 
Augmentation Augmentation 
Modification Modification 
Redefinition Redefinition 
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Appendix B 
Sampling of Clarity®  Teacher Questionnaire 
Intro Page 
1. Which of the following best describes your role at school? *This question is required.  
• Teacher  
• Administrator  
• An administrator who currently teaches  
Teacher Access 
 
2. How often do you have access to the following for YOUR USE in class? *This question is 
required.  
 
All of the 
time 
More than half 
of the time 
Less than half 
of the time Rarely 
None of 
the time 
A desktop 
     
A mobile computer (laptop, 
netbook, ...)      
A tablet (Android, iPad, 
Windows , ...)      
An LCD projector and/or 
interactive whiteboard      
A digital camera (photo and/or 
video)      
Access to a wireless network 
(wi-fi)      
 
3. Do you have a school-owned mobile device (laptop, netbook, tablet, ...) you can use at school? 
*This question is required.  
• Yes, and I can take it home every night  
• Yes, and I can sometimes take it home  
• Yes, but I can't take it home  
• I don't have one of these at school  
5. On average, what is the typical student-to-computer ratio available for your students (in your 
classroom, labs, and/or from carts)? *This question is required.  
• 1 student to 1 computer  
• 2 students to 1 computer  
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• 3 students to 1 computer  
• 4 students to 1 computer  
• 5 students or more to 1 computer  
• None  
Teacher Skills 
 
9. How easy is it for you to ... *This question is required.  
 
Very 
Easy Easy Moderate Hard 
I can't 
do this 
Send emails 
     
Attach a printer to my computer 
     
Create a spreadsheet 
     
Edit photos 
     
Record and edit audio 
     
Record and edit video 
     
Download and/or install software/apps 
     
Collaborate using online documents (Dropbox, Google 
Docs , ...)      
Use web tools to receive online information (RSS 
feeds, Google+, LinkedIn, Twitter feeds, , ...)      
 
10. Do you agree with the following statements? *This question is required.  
 
Strongly 
agree Agree Neutral Disagree 
Strongly 
disagree 
I learn technology easily. 
     
When I am confronted with a technology-
related problem, I usually find good 
solutions. 
     
I easily find new technologies to meet my 
teaching goals.      
I feel confident managing a classroom where 
students are using technology.      
 
12. How often do you use the following social networks? *This question is required.  
 
Almost 
daily Weekly Monthly 
Every few 
months Never 
Facebook 
     
Google+ 
     
LinkedIn 
     
Twitter 
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Almost 
daily Weekly Monthly 
Every few 
months Never 
Educational social networks (Edmodo, The 
Educator's PLN, ...)      
 
Teacher Classroom 
 
14. How often do you do the following for a majority of your classes ... *This question is 
required.  
 At least weekly Monthly Every few months I don't use this Never 
Post course materials online 
     
Post homework online 
     
Use online audio content 
     
Use online video content 
     
 
 
18. How often do you ask a majority of your students to ... *This question is required.  
 
At least 
weekly Monthly 
Every few 
months Never 
Conduct research online 
    
Conduct experiments and/or perform 
measurements using technology     
Identify and solve authentic problems using 
technology     
Collect and analyze data using technology 
    
 
 
23. Rate your knowledge of ... *This question is required.  
 Very High High Medium Low I don't know about this 
Creating your own online presence 
     
Legally using web content 
     
Cyberbully prevention 
     
Online safety 
     
 
Teacher Environment 
 
24. When using the school's Internet, how often do the school's filters prevent you from 
accessing websites you need for classes? *This question is required.  
• None of the time  
• Rarely  
• Less than half of the time  
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• More than half of the time  
• All of the time  
25. Rate the QUALITY of the following technology products and services at your school ... 
*This question is required.  
 Excellent 
Above 
average Average 
Below 
average Poor 
We don't have 
this/these 
Internet speed 
      
Computers 
      
LCD projectors and/or 
interactive whiteboards       
Support for problems 
disrupting instruction       
Answers to routine questions 
      
Instructional technology 
planning       
Hardware repair 
      
 
 
27. How strongly do you agree with the following statements ... *This question is required.  
 
Strongly 
agree Agree Neutral Disagree 
Strongly 
disagree 
Technology use in the classroom can 
enhance student learning.      
My learning and my students' learning is 
more engaging when using technology.      
My school encourages technology use for 
teaching and learning.      
I want to learn more about effective 
technology use for teaching and learning.      
I think that computers and technology 
enhance my daily life.      
 
28. How often are each of the following true for you ... *This question is required.  
 
All of 
the 
time 
More than 
half of the 
time 
Less than 
half of the 
time 
Rarely Never 
My department or grade-level team discusses 
technology use at meetings.      
Technology use is discussed in my evaluations. 
     
Use of technology is discussed in class 
observations or visits.      
I am rewarded for integrating technology into my 
teaching (school recognition, advancement,      
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All of 
the 
time 
More than 
half of the 
time 
Less than 
half of the 
time 
Rarely Never 
funding for professional development, or similar , 
...). 
 
30. What was the quality of the following types of educational technology PD you have done in 
the past 12 months? *This question is required.  
 Excellent 
Above 
average Average 
Below 
average Poor 
We don't 
have this 
School sponsored PD (in-service days, 
summer/after-school classes, 
mentoring, peer coaching, ...) 
      
Non-school sponsored FORMAL PD 
(degree programs, conferences, 
workshops, seminars, ...) 
      
Non-school sponsored INFORMAL PD 
(blogs, videos, social networks, 
webinars, ...) 
      
 
Teacher OPTIONAL QUESTIONS 
 
The following questions are optional. 
34. Which grade(s) do you currently teach? Please check all that apply ...  
• Kindergarten  
• 1st grade  
• 2nd grade  
• 3rd grade  
• 4th grade  
• 5th grade  
• 6th grade  
• 7th grade  
• 8th grade  
• 9th grade  
• 10th grade  
• 11th grade  
• 12th grade  
35. How long have you been teaching?  
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• 3 or fewer years  
• 4-9 years  
• 10-19 years  
• 20+ years  
36. What subject(s) do you teach? Check all that apply ...  
• Computer Science/Programming/Technology  
• Language Arts and/or English  
• Math  
• Physical Education  
• Performing Arts (dance, music, theater/drama)  
• Psychology  
• Science  
• Social Studies and/or History  
• World Languages  
• Visual Arts  
• Vocational Technology  
• Not in the list? Click here to tell us what you teach  
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Appendix C 
A Sampling of Clarity®  High School Student Questionnaire 
ACCESS 
1. How often do you use computers in class? *This question is required.  
• Almost daily  
• Weekly  
• Monthly  
• Every few months  
• I don't do this  
4. Do you have Internet access at home? *This question is required.  
• Yes  
• No  
SKILLS 
 
5. How easy is it for you to ... *This question is required.  
 
Very 
Easy Easy Moderate Hard 
I can't 
do this 
Send an email 
     
Attach a printer to my computer 
     
Create a spreadsheet 
     
Edit a photo 
     
Record and edit audio 
     
Record and edit a video 
     
Download and/ or install software/apps 
     
Collaborate using online documents (Dropbox, 
Google Docs, ...)      
Use web tools to receive online information (RSS 
feeds, Google+, LinkedIn, Twitter feeds, ...) 
 
     
6. Do you agree with the following statements? *This question is required.  
 
Strongly 
agree Agree Neutral Disagree 
Strongly 
disagree 
I learn technology easily. 
     
When I am confronted with a technology-
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Strongly 
agree Agree Neutral Disagree 
Strongly 
disagree 
related problem, I usually find good 
solutions. 
 
 
CLASSROOM 
 
14. How often do a majority of your teachers ask you to ... *This question is required.  
 
At least 
weekly Monthly 
Every few 
months 
I don't use 
this 
Conduct research online 
    
Conduct experiments or perform 
measurements using technology     
Identify and solve authentic problems using 
technology     
Collect and analyze data using technology 
   
 
 
 
15. How often do a majority of your teachers teach the following ... *This question is required.  
 
At least 
weekly Monthly 
Every few 
months Never 
How to cite information I find online (articles, 
images, videos, audio, ...) *This question is required     
How to share information about myself online *This 
question is required     
How to act respectfully online *This question is 
required     
How to respond to online bullying *This question is 
required    
 
 
 
ENVIRONMENT 
 
16. What are the major obstacles to using technology in school? Check all that apply ... *This 
question is required.  
• I don't have the necessary skills  
• My classes don't require using technology  
• School technology isn't good enough  
• School rules limit my technology use  
• My school has different computers/ software than I am used to  
18. How strongly do you agree with the following statements? *This question is required.  
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Strongly 
agree Agree Neutral Disagree 
Strongly 
disagree 
Technology use in the classroom can 
enhance my learning.      
I am more engaged when using 
technology.      
My school encourages technology use for 
teaching and learning.      
I want to learn more about effective 
technology use for learning.      
I think that computers and technology 
enhance my daily life.      
 
The following question is optional. 
 
19. What grade are you in? (optional) 
• 8th grade  
• 9th grade  
• 10th grade  
• 11th grade  
• 12th grade  
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Appendix D 
 
PILOT STUDY CONSENT FORM 
Drexel University  
Consent to Take Part In a Pilot Research Study 
1. Title of research study: UBIQUITOUS COMPUTNG: SYSTEMIC TRANSFORMATION 
TO 21ST CENTURY TEACHING AND LEARNING 
 
2. Researcher: Leah-jane M. Christman. The researcher who is doctoral student at Drexel 
University will conduct the interviews. 
3. Why you are being invited to take part in a research study 
You are invited to take part in a pilot research study because you are a teacher who is 
experiencing a ubiquitous computing environment in your classroom. You will have an 
opportunity to share your honest opinions and views concerning using technology for teaching 
and learning. 
4. What you should know about this pilot research study 
• The researcher will explain this pilot study to you. 
• Whether or not you take part is up to you. 
• You can choose not to take part. 
• You can agree to take part now and later change your mind. 
• Whatever you decide it will not be held against you. 
• Feel free to ask all the questions you want before you decide. 
5. Why is this research being done? 
The purpose of this research study is to explore the value of ubiquitous computing in the 
systemic transformation of a high school to embrace 21st century teaching and learning. The 
study proposes to explore changes in teacher and student technology use, the relationship 
between teachers’ technology use and the acquisition of 21st century skills, and factors that 
influence teachers’ decisions to plan lessons that integrate student-centered technology use. The 
pilot study will determine if the questionnaire used for teacher interviews (qualitative study) 
produces answers to questions related to the study. 
6. How long will the research last? 
It is anticipated that you will be involved for approximately 45 minutes during a personal 
interview. 
7. How many people will be studied? 
Approximately four individuals will be interviewed for this pilot. 
8. What happens if I say yes, I want to be in this research? 
• An interview time will be scheduled at your convenience. You should plan to devote 
about 45 minutes to this process. 
• The interview will be audio-recorded and will be transcribed into text at a later time. 
• You will only interact with the researcher during the interview. 
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• The interview can be arranged at a location convenient and private to you. 
• All interviews will be completed during a two-week period during the fall of 2013. 
• The researcher will maintain confidentiality throughout the process. Federal law says 
the researcher must keep the research records private.  
• No information about your specific responses will be shared with anyone other than 
the researcher, or other representatives of Drexel University.  
• Responses will be coded into themes that emerge during the interviews, and will be 
summarized as a part of the study. 
• Individual quotes you may provide, may be used in the report, but you will not be 
identified. 
• You may receive a copy of the study upon its completion if you are interested in the 
results. 
9. What happens if I do not want to be in this research? 
You may decide not to take part in the research and it will not be held against you. 
10. What happens if I say yes, but I change my mind later? 
You agree to take part in the research now and stop at any time it will not be held against you. 
You should inform the researcher if you want to withdraw at any time. 
11. Do I have to pay for anything while I am on this study? 
There is no cost to you for participating in this study and you will receive no compensation. 
12. What happens to the information collected? 
Efforts will be made to limit your personal information, including research study to people who 
have a need to review this information. Complete secrecy cannot be promised. Organizations that 
may inspect and copy your information include the IRB and other representatives of this 
organization.  
13. What else do I need to know? 
This research study is being sponsored by Drexel University.   
By signing below, you documents your permission to take part in this pilot study research: 
   
Signature of Participant  Date 
  
Printed Name of Participant 
 
 
 
  
Signature of Researcher  Date 
Leah-jane M. Christman  Printed Name of Researcher 
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Appendix E 
Rationale for Pilot Questionnaire 
 
 As the researcher determined a path to take for the explanatory, qualitative portion of the 
research, she explored two options. Initially, she created a series of questions that she felt would 
delve into the perceptions of the teachers using the innovation, its use in their classroom, their 
general beliefs about teaching and strategies they felt work best, where they felt they are in the 
continuum of integration, and what additional supports they needed to be successful. Upon 
researching other approaches, the researcher came upon the Concerns Based Adoption Model -
Measuring Implementation in Schools: Levels of Use. The staff at the Research and Development 
Center for Teacher Education at the University of Texas at Austin developed this model of 
measuring the implementation of innovations in schools in the early 1970’s. It was based on the 
work of Frances Fuller (1969) and the team obtained “financial support and substantive guidance 
from the professionals in the then US Office of Education and later the National Institute of 
Education to conduct a set of 2-year verification studies” (Hall, Dirksen, & Gorge, 2006, p. xi). 
Since that time, many revisions have occurred and the model focuses on three research-based 
themes: Innovation Configurations, Stages of Concern, and Levels of Use (LoU), with the LoU 
providing an in-depth interview to measure “behaviors and shows how users are acting with 
respect to a specific change” (Hall, Dirksen, & Gorge, 2006, p.1). This model has been used 
extensively throughout the US to measure the implementation of a variety of innovations and 
seemed to fit perfectly with the research. Consequently, the researcher registered for a series of 
five webinars during October and November 2013, to determine if this model would serve the 
research, and ultimately the work being done on many innovations in the school district. She 
invited several administrators to join her in learning more about CBAM as they work 
collaboratively to transform schools to 21st century learning.  
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 As the researcher learned more about CBAM, she determined the original set of questions 
better served the needs of the study. Additionally, the researcher expected that additional 
questions would emerge as the analysis of the historical pre-and post- Clarity® questionnaires 
was completed. In order to answer those specific explanatory questions, the researcher needed to 
determine if the series of items on the pilot questions probed deeper into explaining what the 
evidence uncovered. 
Pilot Questionnaire- Plan A 
 
1. It has been over a year since we rolled out our 1:1 at the high school. How do you feel 
about our high school creating a technology-rich, ubiquitous computing learning 
environment? 
2. How do you feel about creating a technology-rich, ubiquitous computing learning 
environment in YOUR classroom? 
3. Think of your classroom teaching experiences. What classroom strategies do you believe 
work best to maximize student learning? 
4. Please explain if you experience any obstacles or challenges with implementation of 
technology in your classes. 
5. Do you believe students learn better through direct instruction or through inquiry or 
problem-based student-centered activities? Explain  
6. Please explain which instructional strategies (or methods) you use most often in your 
classes. 
7. What factors do you consider when planning classroom strategies you will use? 
8. How often do you integrate technology into your classes?  
9. (Provide the SAMR Model Graphic to the Participant) If you consider each of the SAMR 
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levels, please explain how you use technology to substitute, augment, modify, and/or 
redefine your classroom practice. 
10. What obstacles or challenges prevent or deter you from integrating technology into your 
classes more frequently or at a higher level as indicated by the SAMR model? 
11. If we could eliminate these obstacles or challenges, what else (if anything) would you 
need to integrate technology into your classes more often? 
12. Are there any other influences that affect your use of technology for teaching and 
learning?  
13. How do you believe technology can help students in your classes develop 21st century 
skills? 
14. What else would you like to add about your beliefs or feelings about 21st century teaching 
and learning? 
15. What else would you like to add about your beliefs or feelings about technology 
integration and student-centered learning that uses technology? 
ENHANCEMENT TRANSFORMATION 
Substitution » Augmentation » Modification » Redefinition 
Technology acts as a 
direct tool substitute, 
with no functional 
change 
Technology acts as a 
direct tool substitute, 
with functional 
improvement 
Technology allows for 
significant task 
redesign 
Technology allows for the 
creation of new tasks, 
previously inconceivable 
 
An Example Using Writing in any Content Area 
Substitution » Augmentation » Modification » Redefinition 
Students type, using a 
word processor for 
their writing. 
Students can now 
easily edit and format 
their writing. 
Published work is 
now printed rather 
than handwritten. 
Students can save 
various drafts of their 
Students improve their 
writing through the 
tools within the word 
processing program e.g. 
spelling, grammar 
check, thesaurus, and 
word count. Images and 
graphics are easily 
embedded within the 
document. 
Students can email 
Writing tasks are 
shifted to be 
collaborative. Students 
use an online 
collaborative or web 
2.0 space (wiki, 
Google document) to 
write in small groups, 
conduct peer editing 
and feedback, and to 
comment on final 
Students collaborate with 
other classes locally or 
globally on a common 
issue or problem using 
web-conferencing. 
Students research and 
share their findings within 
a virtual classroom, in 
order to find a common 
solution. The project uses 
the strengths of students 
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work. 
Students search the 
internet for 
information to 
support their 
persuasive topic. 
external sources for 
further information. 
products. Work can be 
done in class time, as 
well as out of class 
and includes an 
authentic web 
audience. 
from different classes. 
Students use a range of 
multimedia to collect, 
communicate and 
distribute their findings 
and conclusions. Ranges 
of technologies are 
seamlessly used to 
communicate and share 
information between the 
different school groups. 
Pilot Questions Plan B- Concerns Based Adoption Model 
Measuring Implementation in Schools: Levels of Use (LoU) (Hall, Dirksen, George, 2006) 
 
1. Are you using laptops in your classes? 
 
If YES: 
 
1. What do you see as the strengths and weaknesses of using laptops in your classes? Have 
you made any attempt to do anything about the weaknesses? 
2. Are you currently looking for any information about using laptops in your classes? What 
kind? For what purposes? 
3. Do you ever talk to others about using laptops in your classes? What do you tell them? 
4. What do you see as being the effects of using laptops in your classes? In what way have 
you determined this? Are you doing any evaluating, either formally or informally, of 
using laptops in your classes? Have you received feedback from the students? What have 
you done with this information? 
5. Have you made any changes recently in how you use laptops in your classes? What? 
Why? Are you considering making any changes? 
6. As you look ahead to later this year, what plans do you have in relation to your use of 
laptops in your classes? 
7. Are you working with others (outside anyone you may have worked with from the 
beginning) in your use laptops in your classes? Have you may any changes in your use of 
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laptops in your classes based on this coordination? 
8. Are you considering making or planning to make major modifications or to replace using 
laptops in your classes at this time? 
If NO: 
1. Have you made a decision to use laptops in your classes in the future? If so, when? (If no, 
why not?) 
2. Can you describe using laptops in your classes for me as you see it? 
3. Are you currently looking for any information about using laptops in your classes? What 
kinds? For what purposes? 
4. What are the strengths and weaknesses of using laptops in your classes for you situation? 
5. At this point, what kinds of questions are you asking about using laptops in your classes? 
Give examples if possible. 
6. Do you ever talk to others about using laptops in your classes? What do you share? 
7. What are you planning with respect to using laptops in your classes? Can you tell me 
about any preparation or plans you have been making for using laptops in your classes? 
8. Can you summarize for me where you see yourself right now in relation to the use of 
laptops in your classes? (Optional question) 
PAST USER Questions: 
1. Why did you stop using laptops in your classes? 
2. Can you describe for me how your organized your use of laptops in your classes, the 
problems you found, and what its effects appeared to be on students? 
3. When you assess using laptops in your classes at this point in time, what are its strengths 
and weaknesses for you? 
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Appendix F 
 
Interview Questionnaire 
Explanatory Questionnaire 
 
Please indicate the content area(s) you teach and the number of years you have taught: 
 
1. It has been over a year since we rolled out our 1:1 at the high school. How do you feel things 
are going?  What has changed about the way teaching and learning occurs at the high school 
as a result of the 1:1?  (Belief) 
2. How do you feel about using technology and specifically the student laptops for teaching and 
learning in YOUR classroom?  (Belief) 
3. Think of your classroom teaching experiences. What classroom strategies or methods do you 
believe work best to maximize student learning? (Belief) 
4. How do you most often use technology for teaching and learning in your classes? (Level of 
Use) 
5. What kinds of things do you ask your students to do with technology? (Level of Use) 
6. Are you experiencing any obstacles or challenges with implementation of technology in your 
classes? If so, please explain. (0bstacles) 
7. What strategies do you feel help students learn best? Explain. (Belief) 
8. Please explain which instructional strategies (or methods) you use most often in your classes. 
(Level of Use) 
9. Do you now integrate technology into your classes more often or differently than last school 
year?  Explain. (Level of Use) 
10. (Please refer to the SAMR Model Graphic) If you consider each of the SAMR levels, how do 
you most often use technology…i.e. do you substitute, augment, modify, and/or redefine 
your classroom practice? (Level of Use)  
11. What obstacles or challenges prevent or deter you from integrating technology more 
frequently or at a higher level as indicated by the SAMR model? (0bstacles) 
12. If we could eliminate these obstacles or challenges, what else (if anything) would you need to 
integrate technology into your classes more often? (0bstacles) 
13. Are there any other influences that affect your use of technology for teaching and learning? 
(0bstacles) 
14. How do you believe technology can help students in your classes develop 21st century skills? 
(Belief) 
15. What else would you like to add about your beliefs or feelings about 21st century teaching 
and learning? (Belief) 
16. What else would you like to add about your beliefs or feelings about technology integration 
and student-centered learning that uses technology? (Belief) 
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Appendix G 
Correlation of items on Teacher and Student Clarity Questionnaires  
to Research Questions 
 
Student 
Questionnaire # 
Research Question Teacher 
Questionnaire # 
Research Question 
Access  Access  
1 1 (use) 2 3 (1st obstacle) 
2 3 (1st obstacle) 3 3 (1st obstacle) 
3 3 (1st obstacle) 4 1 (use) 
4 3 (1st obstacle) 5 3 (1st obstacle) 
Skills  6 3 (1st obstacle) 
5 2 (21st C) 7 3 (1st obstacle) 
6 2 (21st C) 8 3 (1st obstacle) 
7 1 (use) 2(21st C) Skills  
8 1 (use) 2(21st C) 9 2 (21stC) 
9 1 (use) 2(21st C) 10 2 (21st C) 
Classroom  11 1 (use) 2(21st C) 
10 2 (21st C) 12 1 (use) 2(21st C) 
11 1 (use) 2(21st C) 13 1 (use) 2(21st C) 
12 1 (use) 2(21st C) Classroom  
13 1 (use) 2(21st C) 14 1 (use) 2(21st C) 
14 1 (use) 2(21st C) 15 1 (use) 2(21st C) 
15 2 (21st C) 16 1 (use) 2(21st C) 
Environment  17 1 (use) 2(21st C) 
16 3 (1st obstacle) 18 1 (use) 2(21st C) 
17 2 (21st C) 19 1 (use) 2(21st C) 
18 3 (2nd obstacle) 20 1 (use) 2(21st C) 
Grade (optional)  21 2(21st C) 
19 n/a 22 3 (1st obstacle) 
  23 2 (21st C) 
Legend: 
 1 (use) = extent that 
technology use changes with a 1:1 
 2(21st C)= relationship 
between teacher use of technology 
leading to 21st century 
Environment  
24 3 (1st obstacle) 
25 3 (1st obstacle) 
26 3 (1st obstacle) 
27 3 (2nd obstacle) 
 151 
skills/behaviors 
 3 (1st obstacle)= 1st order 
barriers that can be removed to 
support technology use 
 3 (2nd obstacle)= relates to 
2nd order barriers, i.e. individual 
beliefs 
 
28 1 (use) 2(21st C) 
29 3 (1st obstacle) 
30 3 (1st obstacle) 
31 3 (1st obstacle) 
32 1 (use) 2(21st C) 
33 n/a 
Grade/content/ 
years (optional) 
 
34 n/a 
35 n/a 
36 n/a 
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Appendix H 
 
STUDENT QUESTIONNAIRE RESULTS BY PERCENTAGES 
Question# 
PRE-TEST POST-TEST   
  4 3 2 1 0   4 3 2 1 0 
     
    
     1 83.85 13.69 1.39 0.32 0.75   90.80 7.84 0.37 0.50 0.50 
2   1.07 0.64 92.19 6.10     31.09 4.35 61.57 2.99 
3a   0.00 16.15 62.46 21.39     0.00 16.92 59.83 23.26 
b   0.00 44.71 30.27 25.03     0.00 49.88 28.61 21.52 
c   0.00 14.65 20.64 64.71     0.00 20.90 26.00 53.11 
d   0.00 54.01 3.10 42.89     0.00 67.16 2.11 30.72 
e   0.00 14.65 12.09 73.26     0.00 18.41 12.81 68.78 
f   0.00 83.42 5.45 11.12     0.00 82.84 3.36 13.81 
g   0.00 46.63 27.27 26.10     0.00 50.12 23.63 26.24 
4   0.00 0.00 97.54 2.46     0.00 0.00 98.63 1.37 
4B   0.00 88.45 5.56 5.99     0.00 92.41 3.86 3.73 
5A 78.18 14.87 4.60 1.18 1.18   85.57 9.08 3.36 0.50 1.49 
b 33.80 25.03 27.06 7.49 6.63   38.93 24.13 23.88 6.22 6.84 
c 33.16 27.59 28.66 5.78 4.81   45.52 27.36 18.66 4.23 4.23 
d 44.06 26.10 21.28 5.24 3.32   45.77 26.99 19.03 4.10 4.10 
e 25.56 23.85 32.41 11.02 7.17   32.21 24.75 27.86 9.70 5.47 
f 27.70 25.67 28.88 11.34 6.42   34.83 25.75 27.49 7.34 4.60 
g 43.64 31.02 16.26 5.78 3.32   49.63 28.86 14.30 4.10 3.11 
h 48.02 30.37 14.12 4.92 2.57   63.93 22.76 8.46 2.74 2.11 
i 49.30 27.38 16.15 3.32 3.85   55.35 24.38 12.44 4.23 3.61 
6a 42.14 37.43 15.72 2.89 1.82   47.51 35.45 13.31 1.99 1.74 
b 25.13 39.57 27.17 6.31 1.82   29.10 39.43 23.26 5.10 3.11 
7a 10.70 27.59 24.60 21.50 15.61   16.29 24.50 25.87 21.89 11.44 
b 23.85 34.44 22.03 12.51 7.17   20.65 36.82 23.63 11.69 7.21 
c 49.41 27.91 9.20 7.38 6.10   57.09 25.50 7.46 3.61 6.34 
d 85.88 6.84 0.86 1.39 5.03   84.45 7.59 1.87 1.49 4.60 
e 5.13 11.12 32.19 35.29 16.26   7.09 12.44 35.07 31.59 13.81 
f 38.29 33.90 9.84 7.70 10.27   41.54 30.72 12.94 6.09 8.71 
g 41.50 24.06 11.66 8.24 14.55   29.10 25.25 15.92 11.19 18.53 
h 36.90 29.63 15.51 8.24 9.73   43.16 27.61 12.81 7.96 8.46 
i 6.31 7.17 10.70 14.22 61.60   7.59 8.08 10.57 12.81 60.95 
8a 25.45 15.51 4.49 3.53 15.61   43.28 24.88 8.33 6.22 17.29 
b 10.59 9.09 3.10 4.39 60.43   16.17 9.08 4.60 6.09 64.05 
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c 0.53 1.07 0.43 0.96 96.68   1.00 0.75 1.12 1.24 95.90 
d 9.63 6.20 3.21 2.57 45.67   42.91 8.58 4.10 4.73 39.68 
9a 11.44 15.51 20.96 27.49 24.60   11.69 14.05 22.01 24.63 27.61 
b 70.05 24.49 2.99 1.39 1.07   71.02 20.65 4.23 1.49 2.61 
c 2.99 5.67 19.47 33.48 38.40   3.11 6.47 19.15 31.84 39.43 
d 19.68 45.24 23.64 6.52 4.92   19.53 44.78 22.14 7.34 6.22 
e 2.89 4.49 16.47 34.01 42.14   4.23 4.85 15.67 29.60 45.65 
10a 0.00 0.00 0.00 0.00 82.25   0.00 0.00 0.00 0.00 80.47 
b 0.00 0.00 0.00 0.00 76.68   0.00 0.00 0.00 0.00 80.72 
c 0.00 0.00 0.00 0.00 27.27   0.00 0.00 0.00 0.00 23.88 
d 0.00 0.00 0.00 0.00 22.78   0.00 0.00 0.00 0.00 21.27 
e 0.00 0.00 0.00 0.00 16.26   0.00 0.00 0.00 0.00 17.16 
f 0.00 0.00 0.00 0.00 23.85   0.00 0.00 0.00 0.00 25.62 
g 0.00 0.00 0.00 0.00 25.56   0.00 0.00 0.00 0.00 30.72 
h 0.00 0.00 0.00 0.00 6.10   0.00 0.00 0.00 0.00 7.09 
11a 0.00 71.55 18.18 4.81 5.45   0.00 74.75 17.91 4.23 3.11 
b 0.00 44.92 26.10 10.27 18.72   0.00 53.23 26.49 9.45 10.82 
c 0.00 5.35 3.74 3.85 87.06   0.00 8.83 5.10 4.23 81.84 
12a 0.00 28.45 21.28 11.34 38.93   0.00 21.77 18.03 14.55 45.65 
b 0.00 26.42 33.05 12.73 27.81   0.00 23.76 32.46 17.79 26.00 
c 0.00 10.37 15.40 14.22 60.00   0.00 8.08 14.30 11.94 65.67 
d 0.00 6.95 6.20 9.41 77.43   0.00 5.22 8.83 7.71 78.23 
e 0.00 13.69 23.10 19.68 43.53   0.00 12.31 24.75 22.89 40.05 
f 0.00 18.18 15.72 11.34 54.76   0.00 16.42 14.05 13.06 56.47 
13a 0.00 5.88 21.18 35.72 37.22   0.00 8.83 15.55 37.94 37.69 
b 0.00 16.36 50.91 22.78 9.95   0.00 19.40 50.37 21.77 8.46 
c 0.00 10.16 31.23 30.70 27.91   0.00 9.20 26.74 34.08 29.98 
d 0.00 4.28 10.70 15.83 69.20   0.00 3.61 9.08 16.17 71.14 
e 0.00 8.13 14.97 24.28 52.62   0.00 7.34 14.55 21.27 56.84 
14a 0.00 68.66 23.42 4.49 3.42   0.00 65.17 3.11 7.21 24.50 
b 0.00 29.52 35.94 17.22 17.33   0.00 25.50 36.07 22.64 15.80 
c 0.00 30.70 31.76 16.79 20.75   0.00 25.25 29.98 22.89 21.89 
d 0.00 39.04 34.33 14.65 11.98   0.00 32.71 35.57 19.78 11.94 
15a 0.00 26.84 32.41 26.74 14.01   0.00 20.02 40.55 27.49 11.94 
b 0.00 10.70 13.69 19.79 55.83   0.00 8.71 16.17 20.52 54.60 
c 0.00 17.97 22.35 29.84 29.84   0.00 13.43 20.65 31.72 34.20 
d 0.00 10.80 17.97 33.37 37.86   0.00 10.32 18.41 33.46 37.81 
16 9.63 19.68 5.45 77.97 32.62   13.06 18.28 9.08 74.63 26.00 
17 0.00 0.00 0.00 8.24 91.76   0.00 0.00 0.00 9.70 90.30 
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18a 38.82 34.12 19.57 4.28 3.21   43.03 33.83 16.29 2.99 3.86 
b 29.30 26.84 25.03 12.73 6.10   31.22 25.00 26.87 10.20 6.72 
c 31.23 44.06 19.57 2.78 2.35   33.21 40.42 19.15 3.73 3.48 
d 19.36 30.70 34.55 9.73 5.67   24.50 26.74 33.96 8.71 6.09 
e 39.47 30.70 19.89 5.24 4.71   40.17 29.48 20.65 3.73 5.97 
 
TEACHER QUESIONNAIRE RESULTS BY PERCENTAGES 
Question# PRE POST 
  6 5 4 3 2 1 0 6 5 4 3 2 1 0 
2a     21.05 5.26 3.51 8.77 61.4     14.82 9.26 1.85 5.56 68.52 
B     85.96 8.77 5.26 0 0     92.59 3.7 3.7 0 0 
C     7.02 5.26 15.79 26.32 45.61     12.96 1.85 20.37 22.22 42.59 
D     77.19 10.53 5.26 1.75 5.26     83.33 7.41 3.7 3.7 1.85 
E     22.81 8.77 15.79 29.83 22.81     31.48 3.7 16.67 29.63 18.52 
F     100 0 0 0 0     100 0 0 0 0 
3           94.74 5.26           100 0 
4     57.89 35.09 5.26 1.75 0     66.67 31.48 1.85 0 0 
6a         98.25 1.75 0         100 0 0 
B         92.98 7.02 0         92.59 7.41 0 
C         92.98 7.02 0         100 0 0 
d         96.49 1.75 1.75         100 0 0 
e         87.72 8.77 3.51         96.3 0 3.7 
f         92.98 7.02 0         96.3 0 3.7 
g         84.21 10.53 5.26         96.3 1.85 1.85 
7a         19.3 42.11 38.6         22.22 35.19 42.59 
b         38.6 24.56 36.84         35.19 29.63 35.19 
c         14.04 26.32 59.65         20.37 24.07 55.56 
d         64.91 5.26 29.83         68.52 0 31.48 
e         26.32 19.3 54.39         31.48 16.67 51.85 
f         68.42 21.05 10.53         66.67 12.96 20.37 
g         50.88 45.61 3.51         57.41 31.48 11.11 
8a           100 0           100 0 
b           98.25 1.75           100 0 
9a     100 0 0 0 0     100 0 0 0 0 
b     71.93 14.04 14.04 0 0     79.63 11.11 7.41 0 1.85 
c     52.63 10.53 28.07 5.26 3.51     64.81 16.67 11.11 7.41 0 
d     45.61 29.83 22.81 1.75 0     62.96 18.52 16.67 1.85 0 
e     35.09 17.54 33.33 7.02 7.02     31.48 29.63 29.63 5.56 3.7 
f     28.07 24.56 33.33 5.26 8.77     27.78 27.78 35.19 5.56 3.7 
g     50.88 26.32 15.79 3.51 3.51     55.56 27.78 12.96 3.7 0 
h     38.6 35.09 15.79 10.52 0     62.96 18.52 18.52 0 0 
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i     26.32 31.58 26.32 12.28 3.51     33.33 27.78 27.78 3.7 7.41 
10a     3.51 7.02 15.79 38.6 35.09     42.59 40.74 5.56 11.11 0 
b     0 8.77 12.28 52.63 26.32     40.74 44.44 7.41 7.41 0 
c     0 8.77 26.32 42.11 22.81     27.78 48.15 12.96 11.11 0 
d     0 5.26 21.05 38.6 35.09     40.74 38.89 12.96 7.41 0 
11a     8.77 29.82 33.33 26.32 1.75     16.67 25.93 27.78 27.78 1.85 
b     12.28 28.07 26.32 14.04 19.3     14.81 29.63 25.93 16.67 12.96 
c     19.3 24.56 14.04 15.79 26.32     27.78 29.63 3.7 20.37 18.52 
d     70.18 10.53 3.51 3.51 12.28     72.22 11.11 7.41 1.85 7.41 
e     7.02 28.07 40.35 22.81 1.75     7.41 24.07 44.44 22.22 1.85 
f     26.32 36.84 8.77 22.81 5.26     37.04 27.78 7.41 12.96 14.81 
g     19.3 19.3 14.04 12.28 35.09     24.07 31.48 11.11 7.41 25.93 
h     64.91 17.54 14.04 1.75 1.75     70.37 18.52 7.41 1.85 1.85 
i     0 5.26 19.3 43.86 31.58     1.85 1.85 11.11 46.3 38.89 
j     0 7.02 12.28 26.32 54.39     3.7 3.7 9.26 27.78 55.56 
12a     42.11 8.77 7.02 0 42.11     37.04 18.52 3.7 5.56 35.19 
b     10.53 12.28 7.02 5.26 64.91     12.96 3.7 7.41 16.67 59.26 
c     0 1.75 3.51 8.77 85.96     1.85 5.56 0 9.26 83.33 
d     7.02 5.26 1.75 7.02 78.95     5.56 7.41 5.56 1.85 79.63 
e     3.51 5.26 12.28 17.54 61.4     7.41 5.56 9.26 27.78 50 
13a     3.51 17.54 24.56 14.04 40.35     11.11 9.26 11.11 25.93 42.59 
b     77.19 19.3 3.51 0 0     70.37 25.93 3.7 0 0 
c     1.75 19.3 38.6 24.56 15.79     1.85 12.96 31.48 40.74 12.96 
d     33.33 56.14 8.77 0 1.75     46.3 40.74 11.11 0 1.85 
e     0 14.04 28.07 38.6 19.3     3.7 11.11 24.07 25.93 35.19 
14a     66.67 14.04 7.02 7.02 5.26     68.52 22.22 3.7 3.7 1.85 
b     57.89 17.54 5.26 10.53 8.77     61.11 20.37 5.56 9.26 3.7 
c     14.04 24.56 21.05 26.32 14.04     11.11 20.37 31.48 22.22 14.81 
d     21.05 24.56 21.05 21.05 12.28     22.22 29.63 20.37 20.37 7.41 
15a       45.61 26.32 10.53 17.54       46.3 31.48 11.11 11.11 
b       26.32 31.58 12.28 29.82       25.93 42.59 11.11 20.37 
c       0 7.02 7.02 85.96       3.7 5.56 1.85 88.89 
16a       7.02 17.54 14.04 61.4       3.7 11.11 22.22 62.96 
b       19.3 35.09 24.56 21.05       7.41 22.22 38.89 31.48 
c       0 14.04 15.79 70.18       0 9.26 3.7 87.04 
d       0 7.02 8.77 84.21       1.85 3.7 5.56 88.89 
e       14.04 17.54 24.56 43.86       7.41 24.07 25.93 42.59 
f       0 10.53 3.51 85.96       5.56 1.85 16.67 75.93 
17a       3.51 17.54 43.86 35.09       5.56 14.81 48.15 31.48 
b       7.02 43.86 38.6 10.53       3.7 38.89 48.15 9.26 
c       5.26 19.3 45.61 29.82       1.85 20.37 46.3 31.48 
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d       0 1.75 21.05 77.19       1.85 3.7 12.96 81.48 
e       5.26 8.77 33.33 52.63       3.7 14.81 24.07 57.41 
18a       35.09 36.84 19.3 8.77       29.63 42.59 25.93 1.85 
b       8.77 26.32 15.79 49.12       3.7 25.93 25.93 44.44 
c       12.28 54.39 17.54 15.79       9.26 35.19 37.04 18.52 
d       12.28 42.11 15.79 29.82       5.56 38.89 27.78 27.78 
19a       42.11 10.53 14.04 33.33       37.04 16.67 12.96 33.33 
b       19.3 31.58 26.32 22.81       24.07 24.07 20.37 31.48 
20a       91.23 3.51 0 5.26       83.33 9.26 1.85 5.56 
b       3.51 19.3 24.56 52.63       3.7 14.81 33.33 48.15 
c       24.56 8.77 10.53 56.14       27.78 18.52 3.7 50 
21a     7.02 5.26 12.28 19.3 56.14     7.41 3.7 16.67 22.22 50 
b     5.26 10.53 22.81 35.09 26.32     12.96 11.11 16.67 33.33 25.93 
c     0 7.02 8.77 26.32 57.89     1.85 1.85 7.41 31.48 57.41 
d     0 5.26 17.54 35.09 42.11     1.85 5.56 9.26 37.04 46.3 
e     1.75 1.75 14.04 17.54 64.91     0 7.41 9.26 27.78 55.56 
22           24.56 75.44           18.52 81.48 
23a     17.54 29.82 26.32 19.3 7.02     20.37 25.93 31.48 14.81 7.41 
b     19.3 38.6 28.07 10.53 3.51     20.37 37.04 29.63 9.26 3.7 
c     14.04 24.56 36.84 17.54 7.02     12.96 18.52 51.85 16.67 0 
d     14.04 33.33 36.84 10.53 5.26     14.81 29.63 40.74 14.81 0 
24     0 42.11 36.84 17.54 3.51     0 44.44 40.74 12.96 1.85 
25a   36.84 49.12 12.28 0 1.75 0   61.11 29.63 9.26 0 0 0 
b   61.4 36.84 1.75 0 0 0   72.22 24.07 3.7 0 0 0 
c   47.37 36.84 12.28 1.75 1.75 0   53.7 25.93 14.81 3.7 1.85 0 
d   31.58 43.86 22.81 1.75 0 0   46.3 37.04 16.67 0 0 0 
e   40.35 43.86 14.04 1.75 0 0   48.15 31.48 16.67 3.7 0 0 
f   21.05 35.09 26.32 10.53 5.26 1.75   33.33 35.19 27.78 1.85 1.85 0 
g   33.33 47.37 17.54 1.75 0 0   44.44 35.19 16.67 1.85 1.85 0 
26a 24.56 45.61 19.3 8.77 0 0 1.75 25.93 48.15 18.52 7.41 0 0 0 
b 15.79 56.14 19.3 8.77 0 0 0 20.37 53.7 24.07 1.85 0 0 0 
c 3.51 35.09 22.81 21.05 8.77 1.75 7.02 11.11 35.19 20.37 22.22 0 1.85 9.26 
d 7.02 29.82 22.81 24.56 10.53 0 5.26 9.26 31.48 24.07 20.37 9.26 0 5.56 
27a     47.37 47.37 3.51 1.75 0     42.59 55.56 0 1.85 0 
b     15.79 43.86 35.09 3.51 1.75     25.93 61.11 0 11.11 1.85 
c     75.44 24.56 0 0 0     77.78 22.22 0 0 0 
d     47.37 45.61 5.26 1.75 0     40.74 59.26 0 0 0 
e     49.12 33.33 12.28 5.26 0     35.19 61.11 0 1.85 1.85 
28a     17.54 36.84 31.58 14.04 0     18.52 38.89 25.93 14.81 1.85 
b     22.81 47.37 17.54 8.77 3.51     42.59 35.19 9.26 12.96 0 
c     17.54 54.39 15.79 8.77 3.51     44.44 31.48 14.81 9.26 0 
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d     14.04 15.79 10.53 22.81 36.84     11.11 20.37 18.52 12.96 37.04 
29a     8.77 29.82 26.32 35.09 0     1.85 11.11 33.33 40.74 12.96 
b     12.28 8.77 14.04 26.32 38.6     3.7 7.41 12.96 27.78 48.15 
c     7.02 5.26 7.02 36.84 43.86     11.11 5.56 11.11 29.63 42.59 
30a   8.77 31.58 47.37 10.53 1.75 0   11.11 29.63 42.59 3.7 5.56 7.41 
b   10.53 19.3 28.07 5.26 0 36.84   9.26 14.81 25.93 5.56 0 44.44 
c   12.28 10.53 31.58 7.02 1.75 36.84   7.41 16.67 27.78 1.85 5.56 40.74 
31a 14.04             20.37             
b 29.82             29.63             
c 77.19             79.63             
d 40.35             25.93             
e 68.42             64.81             
f 31.58             27.78             
g 68.42             61.11             
32           73.68 26.32           87.04 12.96 
 
 
